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The wide-awake young man who is looking for- 
ward to a successful career as an engineer or inventor 
will find it necessary to consult many sources of in- 
formation other than advanced scientific text-books. 
Indeed, the authors of all advanced works on mechani- 
cal subjects assume that their readers have already 
acquired a general knowledge of machinery and engines. 

The most useful information, in any line, is usually 
that which is dug up in the field of practical experi- 
ence; but circumstances do not often favor young 
men with this kind of schooling in mechanics — ex- 
cepting occasionally in restricted fields. Fortunately, 
the HOW and WHY of mechanism and power genera- 
tors can be almost as easily explained by means of 
cuts, diagrams, and the printed page, as by the ex- 
amination of actual machines. 

It is the aim of this book to show how man first 
learned to apply mechanical principles; to trace the 
gradual development of heat-engines; to furnish ac- 
curate and reliable information regarding presentr-day 
types, and to prepare the way for possible later scien- 
tific studies. 

Chapter I deals with the so-called "mechanical 
powers," some of which have been known and applied 
for thousands of years; some recent applications of 
old principles are also pointed out. 



vi PREFACE 

Tlie chapters which follow are devoted to a rather 
full discussion of steam and other heat engines — so 
far as this can be done without employing the higher 
mathematics. The Liberty Motor is fully discussed 
as a crowning example of mechanical acliievement. 
The final chapter is devoted to oil-engines and an ex- 
planation of the principle of the Diesel engine. 

Of the one hundred and sixty-four illustrations, all 
but five have been drawn by the author especially for 
this book. The frontispiece is reproduced, by per- 
mission of the United States War Department Air Ser- 
vice, from a photograph of a Model A liberty Motor. 

Figures 109, 110, 111, and 112 are reproductions of 
drawings kindly furnished by the Westinghouse Elec- 
tric and Manufacturing Company, of Pittsburgh. 

Figures 102, 103, 104, and 113 are from Ime-draw- 
ings made by the author from other photographs 
furnished by the Westinghouse Company. Grateful 
acknowledgment is also made to the American Loco- 
motive Company, of New York, the Baldwin Locomo- 
tive Company, of Philadelphia, and the Packard Motor 
Car Company, of Detroit, for courtesies rendered. 



W. F. D. 



MiNNBAPOus, March, 1920. 



CONTENTS 



Inthoductoet — Elementaet Machines .... 1 

Discovery of the use of the lever— How the knowle(!ge was passed 
on — One discovery led to another — Principles of action, finn,Qy 
established — Applications to new uses — Examples of tho various 
kinda of levers — Carpenter's hammer — Metal Bheara— System ot 
levers — Cog-wheels — Wheel and axle — The crank — Locomotive driv- 
ing-wheels, short stroke and high wheels for speed ; long stroke 
and low wheels for freight service — -The inclined plane — -Inclined 
roadways — The wedge — Tlie screw, a useful application of the 
inclined plane — The movable pulley — Applications of the movable 
pulley— Chain-blocks — Cylinders and pistons — Single-acting cylinder 
— Double-acting cylinder — Valves — Common check-valve. 

CHAPTER II 
Easlt Steam-Enoines 21 

Newcomen's pmiiping-engine — Humphrey Potter, a bright boy, im- 
proves the Newcomen engine — The atmosphere — How Neweomen 
took advantage of atmospheric pressure — The vacuum and partial 
vacuums-James Watt — His discovery of the weak points of the 
Newcomen engine — Watt invents the separate condenser and air- 
pump — Direct steam pressure employed — Watt uses steam expan- 
sively — The sun-and-planet motion— Crunk motion — Watt invents 
the double-acting cylinder — Watt's parallel motion — Watt's business 
success and great contribution toward modern progress. 

CHAPTER III 

StEAM-B0ILER3, FtTRNACEB, AND CONNECTIONS . . . 3B 

Generating steam — Newcomen and Watt employed low-pressure 
steam^Modem steam-boilers must be very strong — The cylindrical 
boiler — How additional heating surface is gained — Heat the result 
of chemical action and real source of the energy of the steam-engine — 



viii CONTENTS 

Open, Bemi-open and closed fires — Importance of the chimney — The 
grate— Forwd drafts — Waste of heat up the chimney — The vertical 
boiler — Boiler acceasoriea, safety-valve, Bteani-gauge, water-gauge, 
etc. — The horizontal tubular boiler^Bridge wall — Combustion- 
chamber — Smoke-box — Smoke-stack — Batteries of boilers — The lo- 
comotive boiler— Many tubes of small diameter — Exhaust nozzle — 
Fire-box surrounded by water — The Scotch marine boiler — Indepen- 
dent furnaces, combustion-chambers, and sets of tubes — Stay-rods 
— Stay-bolts ^ GuBset-staya — Girder-etaya — Single-enders — Dou- 
ble-enders — Boilers of the Cunard liner AgnUama — Fifty-four miles 
of tubes in her twenty-one boil^s — Various kinds of boiler joints- 
Calking — Wftt-er-tube boilers — Superheaters — Travelling grates 
— Waste of fuel through bad firing— S team-fittings — Strength of 
large and small cylinders and pipes — Balanced valves. 



CHAPTER IV 
Reciprocatinq Engines .... 



61 

The double-acting horizontal engine — The D-s!ide valve — Cross- 
head — Connecting-rod — Fly-wheel — Guides — Valve-gearing — Eeccn- 
tric — Sl^am-ports— Lap — Effect of eccentric motion on movement 
of valve — Lead— Cut-off — Cushioning — Objections to the use of the 
Blide-vaJve— The balanced slide-valve — Auxiliary valves— Various 
forms of croaa-heaiJs— Balanced cranJca — Double cranks — Connects 
ing-rod enda — Pillow-blocks— Thrust-bearings— The hnk motion — 
Hooking up — Pistons — Stuffing-boxes — Vertical engines — Marine en- 
gines — The governor— Corliss engines — Corliss valves — The Corliss 
valve-gear — The Corliss cut^-off — Dash-pot — Tandem cyhnders — 
Compound engines — Triple and quadruple expansion-engines — The 
eondeaser — Jet-condensers — Surface-condensers — Separators — 
Condensers impractical in locomotive practice. 



i 



CHAPTER. V 



The Locomotive 



102 



Inventions of Gugnot and Trevithick — Stephenson's "Rocket" — 
The Rocket compared with the modem locomotive — The develop- 
ment of the modem locomotive — Large fire-boxes necessary — Piston 
valves — Improved vaive-gear — Limitations of the standard gauge — 
Grates and shaking devices — Artificial draft — The frame and springs 
— Driving-blocks — Equahzing bars and hangers— Three-point sus- 
pension-Driving-wheels and tires — Conical tread — Flanges— Cyl- 
inder castings complicated — Action of the cylindrical slide-valve, 
with inside admission — Dry steam from the steam-dome — The 



CONTENTS 

throttle-valve — Objections to the use of the Stephenson valvc--R(«r — 
The WalBchaert valve-gear — The Kingan-Ri[jtin valve-gear — The 
return-crank — Lap and lead lever — Guides — Details of the stwun- 
gauge — The injector — The pop safety-valve — The sl-eam-whistle— 
Various types of the locomotive — Tractive force — Elimination of 
dead centres. 

CHAPTER VI 
The SrEAM-TuRBraE 128 

Hero's engine, a forerunner of the modem turhine-engine — Branca's 
engine — Reasons why these were not succeaaful — SteaiD-jet-s and noz- 
zles — The expanding nozzle — Velocity of steam-jets — Weight and 
momentum of steam — The steam-jet compared with the discharge of 
a ma«hine^un — Action of a steain-jet on curved vanes—High ve- 
locity of rotors— De Laval's impulse turbine — Small diameter of De 
Laval rotors — Perfect balance necessary — Flexible shafts — Critical 
speed — Methods of mounting rotors — Capacity of small shafts in 
rapid revolution — Pressure and velocity diagrams — Double impulse 
rotors — Reduction gears — Direct-acting turbo-generators — Revers- 
ing chambers — The turbine governor — Flexible bearings— Safety do- 
vices — -Reaction turbines — Parsona's invention — Reaction of steam- 
jet like ''kick" of gun — Reaction caused by increasing speed — Fixed 
and movable blades — Increase of volume as exhaust is approached — 
Parsona's rotors and casings — Single-flow reaction turbines — Dum- 
mies and equihbrium pipes — Gre^t advantage of the use of the con- 
denser — Combination impulse and reaction single-flow turbine — The 
double-flow turbine — Semi-double-flow turbine — Necessity for wide 
and roomy exhaust — Method of attaching reaction blading — Neces- 
flity for perfect workmajiship — Multiple-stage turbines — Reaction 
turbines used in connection with exhaust of reciprocating engines — 
Small size of steam-turbines aa compared with reciprocating engines 
of like power — Marine turbines — Turbines non-reversible — Astern 
turbines— Actual weight of steam used in large turbines — Steam- 
turbine a true heat-engine — Thermodynamics — Lnprovements often 
made by untechnical men. 

CHAPTER VII 

Measubements of Power 164 

Improper use of terms — Force defined — gravity — -Draw bar pull — 
Pressure — Work — The foot-pound — Energy — Potential energy — - 
Active energy — -Power — Efli cienoy — Horfle-po wer — Kilowatts — Indi- 
cated horse-power — Brake horse-power — -Methods of ascertaining 



s CONTENTS 

horee-power of an engine — An easy formula — Unequal pressure — 
The indicator— Method ot usiug the indicator— What the indicator 
reveals — Indicator diagrajaa — Analysis of diaeranis — Coriiss-engine 
diagramH—High-apeed diagvamB — Importance of knowing the actual 
working-power of an engine — The friction-brake — Method of cal- 
culating brake horse-power — Measuring the power ot electrio-hght 



CHAPTER VIII 
Gas-Enoines 178 

Internal-combustion engines compared with steam-enginea — The 
four-cycle gas-engine — Heavy fly-wheel necessary — The hotrtube 
method of ignition — Importance of cloae-fitting piston and valves — 
Advantage of conical valves — High-pressure of expanding charge — 
Strong parte necessary — Water-jackets — Circulating-pump and ra- 
diator — Special lubricating-oil necesanry — Power employed to com- 
presfl charge not wasted — The gas-producer — Producer gas Suc- 
tion producers — Gas-producer details — The mixing of producer gas 
and water-gas — Soft^oal producers — By-producta — The gas-engino 
governor — Hlt-or-miss system — Difficulties of starting gas-engines — 
Starting devices — Two-cyole gas-enginBa. 



CHAPTER IX 

GASOLINE-ENorNES 197 

The gasoline-engine has supplied a great need — Wide-spread use, 
on land, on water, and in the air— Comparison with Ihe gas-engine — 
The four-cycle gasoline-engine — The "T," "L," and "valve in head" 
types— Timing-geara — The carburetor — Difficulty of starting a cold 
engine — Priming — Indications ot too much gasoline — lican mixture 
for fast running — Extra air-valve — Effect of atmospheric conditions— 
Manifolds roust be gaa-tight — The vacuum tank — Ignition — Pre- 
ignition— Diagrams show enormous pressure at beginnii^ of stroke — 
Electric sparking devices — Positive and negative poles — The dry- 
cell — "In Series" arrangement of battery — "In Series Parallel" 
arrangement — Good and poor conductors— Neceaaity for insulation — 
The spark — Make-and-break aystem — The jump-spark system — The 
spark-plug — The induction coil — Primary and secondary windings — 
The vibrator — The timer — The complete aparking device — Timers 
for multiple-cylinder engines— The two-cycle engine — Its advantagea 
and its disadvantages — Advantage in the use of multiple cylinders — 
Ninety degree and onc*hundrcd-and-twenty degree cranlcs — Two 
cylinders operating a aingle crank — The "V" type of motor — The 



CONTENTS xi 

forked connecting-rod and long busliing — CircuJating pumps and 
radiatora — Air cooling — Motors for airplanes — Great power and light 
weight needed — Great progress in Europe — Circumstances that led 
to design of Liberty Motor — Remarkable performance of the Liberty 
Motor — DimensioaB of parts of Liberty Motor — Weight leaa than 
two pounds per horse- power — Cam-shafts at top of cylinders — Hollow 
parts— Electric welding employed— Extreme Ughtness of conneeting- 
rods compared with the power they transmit — Comparison of Wright 
brothers' early engines with the Liberty Motor — Gradual increase of 
weight — Power increases at a much more rapid rate— Great reduc- 
tion in fuel consumption per horse-power. 

CHAPTER X 

;iiiy-ENGrNES 249 

Demand for engines using low-priced fuel — Difficulty of vaporizing 
heavy oils — Advantages of high compression — Its disadvantages — 
The Dieae! engine — Great stores of Uquid fuel made available — 
Utilization of by-products — Dr. Diesel's claims — Utilization of 
heat of compression — Rapid combustion, but no explosions — Fuel 
oi! introduced after compression occurs — Method of introducing the 
fuel— Cylinders and pistons unusually long — Many packing-rings 
necessary — Peculiar cylinder-head— -Auxiliary air-compressor — The 
air-valve — Method of starting a Dieeel engine — Method of operating 
valves — Necessity for high-grade workmanship — No danger of pre- 
ignilion — The two-cycle Diesel engine — Scavenging devices — Multi- 
ple-cyUnder Diesel engines — First cost high — Economy of operation — 
The Hemi-Dieael engine — The hot-pot — No beat from outside source 
needed after engine is once started. 

Index 273 



ILLUSTRATIONS 

Liberty Motor, Model A Frontispiece 

1. Discovery of the uae of the lever 2 

2. Diagrams illustrating various kinds of levers ... 4 

3. The carpenter's hammer, used as a lever .... 6 

4. Metal shears, an illustration of the lever .... 6 

5. A combination of levers 7 

6. Cog-wheels, an illustration of lever action .... 8 

7. The wheel and axle, illustrating lever action ... 9 

8. Locomotive driving-wheels illustrating lever action . 10 

9. The inclined plane 11 

10. Combination of inclined plane and rollers , . . . II 

11. Tlie wedge, an example of the inclined plane ... 12 

12. The common screw, jack-screw, machine-bolt — ex- 

amples of the inclined plane 13 

13. The movable pulley 15 

14. "Tackle and fall," "chain-blocks"— examples of the 

movable pulley and the differential pulley ... 17 

15. Cylinders — single-acting and double-acting .... 18 

16. The common check-valve 19 

17. Newcomen'a pumping-engine 22 

18. Watt's single-acting ateam-oylinder 27 



ILLUSTRATIONS 



Watt's improved steam-cylinder 

Watt's sUQ-and-planct motion 

Watt's parallel motion 

ExompleG of open, semi-open, and closed fires . . . 

Section of an upright steam-boiler 

Section of a horizontal steam-boiler, furnace, and com- 
bustion-chamber 

Section of a locomotive boiler 

Sections and half elevation of a Scotch marine boiler . 

Section of an agitator for a marine boiler .... 

Stay-rod for a marine boiler 

GuBsetrStay for supporting a boiler-head .... 

Double-riveted joint 

Double-riveted butt-joint 

Calking a boiler joint 

Water-tube boiler 

Flanged joint for steam-pipea 

Pipe-fittings — elbow, short nipple, tee, long nipple, 
union-joint, coupling, 45°-elbow, and plug 

Diagrams illustrating pressure on large and small 
cylinders 

Balanced throttle-valve 

I. Hand-lever for throttle-valve 

Horizontal slide-valve engine 

Horizontal engine with steam-cheat on the side. {Top 
view) 



ILLUSTRATIONS xv 

no. PAGI 

40. Eccentric^ eccentric-strap, and eccentrio-rod ... 64 

41. Slide-valye in middle position, showing lap ... . 65 

42. Guide for valve connection 70 

43. Balanced slide-valve 70 

44. Meyer's cut-ofif valve 71 

45. Cross-head for non-reversible engine 72 

46. Cross-head for reversible engine 72 

47. Diagrams illustrating upward and downward pressure 

on guides 73 

48. Common crank . 74 

49. Balanced disk-crank 74 

50. Double cranks and journals 75 

51. Connecting-rod end 76 

52. Various forms of connecting-rod ends 77 

53. Forked connecting-rod end 78 

54. Pillow-block 79 

55. Thrust-block for marine-shaft 80 

56. Stephenson link motion 80 

57. Link, in neutral position 81 

58. Reversing-lever for operating link 82 

59. Common piston 83 

60. Built-up piston — dome shaped 83 

61. Stuffing-box 84 

62. Reversible vertical engine 85 

63. Governor 86 



xvi ILLUSTRATIONS 

FIG. PAOB 

64. Corliss valves 87 

65. Corliss valve in housing 88 

66. Corliss valve-gearing 89 

67. Corliss valve cut-off device 91 

68. Corliss valve released 91 

69. Dash-pot — sectional view 94 

70. Dia^am of a compound steam-engine 96 

71. Jet-condenser and air-pump 98 

72. Surface-condenser 100 

73. Stephenson's "Rocket," the first practical locomotive . 103 

74. Modem passenger-locomotive 106 

75. Locomotive grate and ash-pan 107 

76. Locomotive exhaust-nozzle 108 

77. Locomotive frame 109 

78. Locomotive driving-block 109 

79. Locomotive springs and equalizing levers .... 110 

80. Section of a locomotive tire Ill 

81. Section of locomotive cylinders, showing method of 

attaching them to the frame and to the smoke-box . 113 

82. Cylindrical slide-valve for inside admission .... 114 

83. Locomotive steam-dome and throttle-valve .... 115 
83a. Throttle lever 115 

84. Kingan-Ripkin valve-gear 117 

85. Locomotive cross-head guides 120 

86. Steam-gauge 121 



V 



ILLUSTRATIONS 



xvn 



Diagrams illuBtratiog the principle of the injector . . 122 

Pop safety-valve 124 

Steam- whistle 125 

Hero's reaction engine 128 

Branca's impulse engine 128 

Steam escaping from orifice 130 

St«am escaping from an expand! ng~nozzIe .... 130 

Action of steam-jet on a curved vane 133 

Diagram illustrating De Laval's steam-turbine . . 135 

De Laval's impulse- wheel, or rotor 137 

De Laval blading, showing method of attachment to 

rotor 137 

Section of De Laval rotar, showing one method of at- 
taching flexible shaft 139 

Diagrams showing action of steam-jet on a single set of 

blading 140 

Diagram showing action of steam-jet on a double im- 
pulse wheel 140 

Spiral reduction pinions 143 

Westinghouse 10-kilowatt turbo-generator .... 143 

Section of 10-kilowatt turbine-motor 144 

Westinghouse impulse rotor, showing nozzle and re- 
versing chamber 145 

Flexible bearing 147 

Safety device for rotor shaft 147 

1 of reaction blading 149 



xviii ILLUSTRATIONS 


1 


108. 


Diagram illustrating actioa of fixed and moving blades 


150 


109. 


Section of Pttreona type single-flow turbine .... 


152 


110. 


Section of a combination impulse and reaction single- 


154 
155 


Section of a double-flow turbine 


112. 


Section of a semi-double-flow turbine 


155 


113. 


Illustration of the method of securing reaction bludmg to 










115. 


Section of multiple-atage impulse turbine .... 


168 


116. 


Diagram of steam-engine indicator 


169 


117. 




170 


118. 


lUnstration of method of measuring diagrams . . 


173 


119. 


Corliss-engine diagram 


174 


120. 


Diagram of high-speed engine 


175 


121. 


Apparatus for measuring braJte horse-power .... 


175 


122. 


Diagrams illustrating action of a four-cycle gas-engine 


179 


123. 


Section of a gas-producer, vaporizer, and scrubber . . 


188 








125. 


Section of a four-cycle gasoline-engine 


201 


126. 


The L-type of cylinder-head 


204 


127. 




204 


128. 


Cam and rocker-arm for operating push-rods . . . 


205 
















^ 





ILLUSTRATfiji^ 



Section of conunon dry-battery cell 217 

Battery-cells connected in aeries 218 

Battery-cells connected io series-parallel .... 21S 

Section of common spark-plug 220 

Diagram illustrating action of induction coil . . . 222 

Induction-coil vibrator 22i 

Diagram of battery, induction coil, vibrator, timer, and 

spark-plug 226 

Section of two-cycle engine 227 

Double cylinders and cranks 230 

Cranks for three and six cylinder engines .... 232 

Diagram showing positions of pistons and cranks in a 

six-cylinder engine 232 

Diagram of V-type motor 233 

Connecting-rods and bushings for V-type motor . . 234 

Centrifugal circulating pump 235 

Section of air-cooled cylinder 237 

Section of air-cooled cylinder, with detachable flanges. 237 

General view of a Liberty Motor 242 

Liberty Motor valve rocker-arms 243 

Liberty Motor hollow cam-shaft 243 

Liberty Motor cylinder and water-jacket .... 244 

Liberty Motor piston 245 

Liberty Motor connecting-rod . 246 

Liberty Motor manifold 247 



XX ILLUSTRATIONS 

no. PAQB 

154. Diesel-engine diagram 253 

155. Section of Diesel engine and air-compressor . . . 255 

156. Section of Diesel-engine head, showing air-valve and 

connections 257 

157. Detachable lever-arm for operating air and exhaust 

valves 258 

158. Section of Diesel-engine head showing starting and fuel 

valves 259 

159. Section of fuel-valve 260" 

160. Fuel-valve cam 264 

161. Starting-valve cam 264 

162. Section of two-cycle Diesel-engine cylinder, showing 

scavenging and exhaust passages 266 

163. Section of two-cycle semi-Diesel engine 269 



THE 
STORY OF THE ENGINE 



THE STORY OF THE ENGINE 



CHAPTER I 
INTRODUCTORY. ELEMENTARY MACHINES 

SuHEOUNDBD as we are by modern conveniences, it 
is difficult for us to realize that there was once a time 
when man lived much like the animals, without any 
knowledge of the arts or of the simplest implements 
with which we are familiar. 

The Lever. No one knows when the use of this 
important elementary machine was discovered, but it 
was probably before the use of metals was known or 
man had learned to clothe himself with anything but 
the skins of animals. 

In the early days, when man lived by hunting and 
fishing, his implements and weapons were made al- 
most entirely of stone, wood, or the bones of animals. 
The principle of the lever was appUed in some of the 
weapons of this period, and we may suppose that its 
discovery was largely accidental. 

Perhaps it occurred to an ancient hunter that it 
would be easier to grasp a round stick than a large 
smooth stone, and he may have picked up the fallen 
branch of a tree, one day, and placed the end of it 
under a stone that he wished to remove from his path, 
as shown in Fig. 1. 
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He would then have found that he could easily 
move a stone in this way that he could not move at 
all with his unaided hands. Such a discovery he would 




Fig. 1 



naturally make use of many times. His neighbors — 
if he happened to be on friendly terms with any of 
them — and his boys would learn from him, and thus 
the knowledge would be passed on. 

If our ancient hunter had rested his lever on the 
small stone at the right, placed the lower end of the 
lever under the large stone and simply rested his 
weight on the other end, he might have raised the 
object without hfting at all. This he doubtless soon 
learned, and another step was taken in mechanical 
progress. 

Thus— largely by accident — the early discoveries in 



the realm of mechanics and engineering were made. 
One discovery led to another, and our race gradually 
learned to overcome difficulties and obstacles until 
we have not only largely subdued the earth, but also 
the sea and the air. 

Progress was at first very slow, but after it was 
learned that there were certain principles that under- 
lay all mechanical movements, these were studied and 
gradually applied to new uses. 

Within the last hundred years, more progress has 
been made in mechanical science than in all the ages 
that went before. But if one had predicted, even as 
late as the beginning of the present century, that 
within twenty years gasoline-engines would be built 
both Ught and powerful enough to carry heavier than 
air machines to a height of thousands of feet, he would 
have been called a dreamer. Not only was this ac- 
complished, however, but the performance of the 
various classes of military airplanes in the great 
World War put earlier flying records entirely in the 



Let us now consider the principle of the lever more 
carefully, and note some of its familiar applications. 
Fig. 2 shows several diagrams that illustrate the way 
in which time and space may be exchanged for power 
by means of levers. 

In these diagrams the heavy lines indicate the first 
positions of the levers, and the dotted lines show second 
positions — after force has been applied. 

At [A], we have the same arrangement as in Fig. 1. 
F is the fulcrum, or point about which the lever moves; 
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W, the point where the weight to be moved rests on 
the lever, and H, the point where the force is applied. 
By raising the hands from Hi to H2 it will be seen that 
Wi is raised to W2- Now, since F does not move at 
all, it is evident that any point on the lever between F 




Fia. 2 

and H will be moved a distance, always less than the 
movement at H, proportional to its distance from the 
fulcrum as compared with the distance from the ful- 
crum of the point where the force is apphed. In other 
words, if our ancient hunter's hands were applied to 
the lever three times as far from the fulcrum as the 
stone was from the fulcrum, he would have needed to 
raise his hands three times as high as he raised the 
stone, but he would thus have exerted a force three 
times as great as though he had lifted on the stone 
directly with his hands. 

In any arrangement of the lever where the apphed 



force moves a greater distance than the weight, the 
weight will be moved with proportionately greater 
force. 

[B] shows the case where the fulcrum is between the 
weight and the force. With the same length of lever, 
less force can be exerted with this arrangement than 
in the one just described; but, with a lever of this 
kind, a man may utilize his own weight and thus 
avoid lifting at all. In the arrangement shown at [B] 
the weight xs at one end of the lever one-half as far 
from the fulcrum as the point where the power is ap- 
plied. So a person weighing one hundred pounds 
could apply his weight at the end of the long arm of 
the lever and raise a weight of two hundred pounds 
at the end of the short arm. 

Levers are often used to produce greater speed than 
can be gained by applying a force directly. Such an 
arrangement is shown at [C], Fig. 2. Here the ful- 
crum is at one end of the lever, as in the first case con- 
ffldered, but the points of application of force and weight 
are reversed. A force applied at H can thus be miade 
to hft a hght weight quickly at W. 

A good example of this kind of a lever is the human 
forearm, where the elbow is the fulcrum and the biceps 
muscle of the upper arm attached to the large bone of 
the forearm only an inch or two from the joint, is the 
moving force. The force exerted by the muscle is 
thus employed to move the hand quickly, as in throw- 
ing a ball. 

Levers are not always straight. At [D], Fig. 2, 
is shown a lever with the long and short arm at right 
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angles to each other. Oth- 
erwise the case is like that 
shown at [A], Fig. 2. A 
familiar example of this 
is the ordinary carpenter's 
hammer, when used in 
drawing a nail, as shown in 
Fig. 3. 

A pair of metal shears, 
such as those shown in Fig. 
4, act on the same principle 
as the lever shown at [B], 
Fig. 2. Here the action is 
the same as though only one of the two parts moved. 
A large wire can easily be cut in two with one hand 
by means of such a pair of shears. Of course, the 
object to be cut should be placed as near the ful- 
crum as possible. In Fig. 4, the relation between the 




Fig. 3 




Fig. 4 

lengths of long and short arms is about 1 to 10. Ten 
times as much force can therefore be exerted at the 
cutting point as that applied by the hand. 
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Fig. 5 shows a system of levers so arranged that 
the short arm of one acts upon the long arm of the next, 
and so on to the lower one which carried a weight at 
the end of the short arm. If the long arm of each of 
the levers is four times as long as the short arm, a 




weight of one pound at the end of the long arm of the 
upper lever may be made to balance a weight of 
sixty-four pounds at the end of the short arm of the 
lower lever. 

Weighing scales are constructed on this principle, 
though the arrangement of levers is not exactly like 
that shown in Fig. 5. 

Cog-wheels, or gears, such as those shown in Fig. 6, 
act on the principle of the lever. Here a hand wheel 
is shown attached to a shaft which also carries a small 
cog-wheel, or pinion. The pinion gears with a larger 
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cog-wheel on another shaft which is thus made to 
revolve slowly but with a considerable amount of 
force. If the positions of the lai^e and small cog- 
wheels were reversed, the second shaft could be made 
to move rapidly, but with less force than in the first 

i 
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instance. If we consider the action of one pair of 
cogs at a time, as shown at the top of Fig. 6, it will 
be seen that the movement is the same as where one 
simple lever acts upon another directly, and not by 
means of connecting links as in Fig. 5. 

Cog-wheels provide a means of continuing lever 
movements and producing circular motions of different 
velocities and modified force. Systems of gearing, 
acting on this principle, can be extended indefinitely. 

Fig. 7 shows another application of the principle of 
the lever to what is called a wheel and axle. On a 
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single short shaft, a 
hand wheel and a drum 
are mounted. Force 
applied to the rim of 
the hand wheel can thus 
be made to Uft a heavy 
weight attached to one 
end of a cord, or chain, 
the other end of which 
is wound around the 
drum. The dotted hnes 
show that we have here 
the effect of a simple 
lever with a long and a 
short arm on either side 
of a shaft acting as a 
fulcrum. In place of 
the hand wheel a crank may be substituted without 
any change in the principle of action. 

Enough examples of the apphcation of the principle 
of the lever to modem machine construction might be 
given to fill this book, but only one other will be men- 
tioned in this connection. 

Any one who has closely observed the different 
classes of locomotives, will have seen that those which 
are used to pull fast passenger-trains have driving- 
wheels six feet or more in diameter, while those used 
for switching freight-cars in railroad yards have several 
sets of drivers of small diameter. Fig. 8 illustrates 
how the principle of the lever is here applied. The 
high drivers and short stroke, of the passenger engine, 
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are shown above as a means of producing high speed. 

The low drivers and long stroke, of the switch-engine, 
are shown below as a means of exerting the great 
force needed in starting heavy freight-cars, where speed 
is not 80 essential. 
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Fig. 8 



The Inclined Plane. Another very important 
mechanical element that has long been known, and 
which has many applications in modem mechanism, is 
the inclined plane. It is another convenient means 
of exchanging time and space for power. Its simplest 
form is that of a roadway having an upward slope as 
compared with the horizontal, or water-level. In 
Egj^t, and other ancient countries, this device was 
used as a means of raising heavy stones to a higher 
level— as in building the pyramids. The Kings in 
those early days exercised such complete authority 
over their subjects, that any number of men that might 
be needed to build an incline or to pull on a rope 
forced to do so, Inclined roadways of sand and 
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were often made to points where but one or two heavy 
stones were to be placed. Fig. 9 shows how stones 
were moved up these inclines by means of a direct 




Fig. 9 

pull on a long rope. Doubtless they soon learned to 
place wooden stringers on the roadway and to use 
rollers, as shown in Fig. 10. Unbehevable as it may 
seem, that the ancient builders went to the trouble of 
building long inclined roadways for the purpose of 




moving one or two heavy stones, the writer can state 
that he has himself observed such means being em- 
ployed for like purposes in Egypt in this twentieth 
century. Hundreds of women and children were 
seen one day at Luxor carrying small baskets of sand 
on their heads which they were dumping at the end of 
an inclined embankment which they had built by 
several days* labor and were extending to a point where 
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a single stone, resting on two stone pillars, was to be 
made more secure in an ancient temple. On inquiring 
why an ordinary wooden staging was not used, the 
writer was told that wood for staging purposes was 
very difficult to obtain in Egj'pt and that sand was 
abundant and labor cheap. When the work was 
finished, this staging of sand was all removed by the 
same slow and laborious process. 

In the use of the inclined plane the mechanical 
advantage is proportional to the ratio of the horizontal 
to the vertical dimension. In Fig. 10, it is as the re- 
lation of A B to B C, less the friction which is a con- 
siderable factor in all applications of the inclined plane. 
A familiar example of an apphcation of the in- 
clined plane is the con^unon wedge. Fig, 11, where 
two inclined planes are placed back to 
back. Where the driving force is a steel 

maul, as in this 

^ ' case, friction 

serves a good 
purpose in preventing the wedge from re- 
bounding when the maul is being swung 
for the next stroke. 

Now we come to the consideration of a 
very common and useful application of the 
inclined plane, the screw. A screw is an 
inclined plane wrapped around a cylinder. 
The diagram at the left in Fig. 12 shows 
the manner in which a screw is developed 
from an inclined plane, by winding the plane about 
cylinder and afterward cutting away the lower half 
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each volute so as to form a raised "thread" that will 
work in a "nut" of corresponding form. In the dia- 
gram the unwound portion is just the length required 
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Fig. 12 

to wind once around the cyUnder, so the distance be- 
tween the arrow points, a and b, is the same as that 
from the top of one thread to the top of the next one, 
and represents the advance that such a screw would 
make in the direction of its length when turned one 
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complete revolution; c d, likewise, shows the advance 

that a quarter turn would produce. By using a long- 
armed lever for turning the screw, a great difference 
between the movement of the hand and the advance 
of the screw results, and a corresponding mechanical 
advantage may be gained. At the right is shown a 
common jack-screw, such as is used in raising build- 
ings. The screw works in a nut, in the base, and is 
turned by means of a lever passed through holes in a 
projection which is integral, or of one piece, with the 
screw. The top of the screw has a rounded end which 
presses against a "screw-plate" on which the body to 
be lifted rests. In raising buildings, timbers are first 
placed under the building by cutting away a part of 
the foimdation. Jack-screws are then placed under 
these timbers, near or far apart according to the 
weight of the building. If the screws are not placed 
too far apart, one man can raise a two or three story 
building by simply going the rounds of the structure 
and giving each screw a quarter turn. In four trips 
around the building, which might take him an hour or 
more in a case where there are many screws under 
walls and partitions, he would have given each screw a 
complete turn and raised the whole building perhaps 
half an inch. If a man could thus raise a building 
half an inch in an hour, a fifteen-year-old boy could 
probably do the same thing in two hours, by using a 
longer lever. Any boy ought to be able to lift the 
largest building in the town where he lives, provided 
he has enough jack-screws properly placed and well 
lubricated. 



At the left near the top in Fig. 12, is shown a com- 
mon machine-bolt, one of the most useful devices ever 
invented. This has a V thread, instead of a square 
thread, but is otherwise hke the screw just described, 
though on a smaller scale. The different parts of 
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Fig. 13 

machines, shafting, steam-pipes, etc., are almost al- 
ways held together by means of bolts and nuts similar 
to the one shown. 

The screw is a very compact arrai^ement for ex- 
changing time and space for power. In raising a 
building half an inch by means of jack-screws, a man 
would probably move his hands twenty-five feet at 
each screw. If forty screws were used under the build- 
ing, he would have moved his hands a thousand feet 
in raising the entire building one-half an inch. Is not 
this a good illustration of the exchange of time and space 
for power ? 

The Movable Pulley, If the ancient builders 
had used a device like that shown in Fig. 13, where a 
heavy stone was to be moved only a short distance, 
they would have found that it would have taken only 
half as many men to pull the stone as it would by pull- 
ing directly, as shown in Fig. 10. 
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The principle of the movable pulley is rather diffi- 
cult to explain; but it will be found, in practice, that 
a pull of one foot on the free end of the rope will move 
the pulley only half a foot, and thus the force exerted 
at the hook will be double that exerted at the free end 
of the rope. 

Perhaps the best explanation of the principle is 
that there are two parts of the rope to be shortened, 
and, consequently, a pull of one foot on the free end 
must be divided between the two parts, each of which 
will be shortened one-half a foot — so the pulley, at 
the junction of the two parts, will move only this dis- 
tance. On the principle of exchanging time and space 
for power, each movable pulley doubles the force 
exerted at the free end of the rope. 

At the right, Fig, 14, is shown a common "tackle 
and fall" much used for lifting weights, especially on 
shipboard. In the figure there are four movable pul- 
leys, at the bottom, and four fixed pulleys at the 
top. The fixed pulleys do not add to the power but 
are necessary to change the direction of the rope. 
The four movable pulleys give a mechanical advan- 
tage of 16 to 1, as follows: number one gives an ad- 
vantage of 2 to 1 ; number two multiplies this re- 
sult by two, making 4 to 1 ; number three multiplies 
this by two, making 8 to 1; and number four multi- 
plies the last result by two, making 16 to 1. 

At the left, in Fig. 14, is shown a very simple and 
useful device called a "chain-block." It consists of one 
movable pulley and two fixed pulleys above. An end- 
less chain passes around the three pulleys as shown. 
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The movable pulley hangs in a loop of the chain while 
one of the supporting branches passes around a fixed 
pulley above, and the other passes around the other 
fixed pulley, which is slightly smaller than the first, 
both being on one axle and 
moving together. Another 
long loop is left free to be 
operated by the hand. In 
pulling down on one part, 
as shown in the figure, 
the right-hand supporting 
branch is wound over the 
larger fixed pulley while 
the other supporting 
branch is unwound from 
the smaller one. Clearly, 
the movable pulley would 
not be raised at all if the 
fixed pulleys were of the 
same size, and the less the 
difference in the diameters 
of the two fixed pulleys 
the greater the force will be that is exerted on the 
movable pulley. Of course, there will also be an ad- 
vantage gained by the use of the movable pulley in 
addition to that gained by the differential device. 

The limit of the force that can be exerted by such a 
device, where the difference in diameters of the fixed 
pulleys is very small, is only limited by the strength 
of the material that is used in its construction. This 
device is used a great deal about machine shops, where 
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heavy weights are to be moved short distances. The 
free loop is always much longer, in proportion, than 
could be shown within the limits of the figure. 

CixiNDERS AND PisTONS. There are one or two 
other elementary devices that are much used in modern 
engine construction that should be described in this 




chapter — though they are not among the so-called 
"mechanical powers" that were discovered in ancient 
times. One of these is the hollow cylinder. It is 
shown in its simplest form in Fig. 15 together with 
two familiar adaptations. These views are all shown 
in section, for the sake of clearness. 

The closed cylinder is much used for confining 
liquids and gases; another famihar use is in connection 
with a moving piston. When so used, it must not only 
be very strong, but of smooth even bore, so that the 
moving piston may fit gas or steam tight, while free to 
move from one end of the cylinder to the other. 

At the left, Fig. 15, is shown an ordinary single- 
acting gas-engine cylinder and piston, with a connect- 
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ing-rod attached directly to the piston. At the right 
is shown a common double-acting steam-cylinder fitted 
with a piston and piston-rod. In both cases the pistons 
are fitted with packing-rings, to be described more 
fully in a later chapter. In the case of the steam- 
cylinder a "stuffing-box" is employed to keep the steam 
from leaking past the piston-rod. In a single-acting 
cylinder the gas or steam, confined between the closed 
end of the cylinder and the piston, in an effort to ex- 
pand pushes the piston to the bottom of the cylinder 
and is then allowed to escape, while a crank and fly- 
wheel connection carry the piston back to its original 
position. The double-acting cylinder and piston works 
both ways by steam pressure, and the inertia of the fly- 
wheel serves to carry the crank past the "dead centre." 

Of course, the walls of all steam and gas engine 
cylinders are subjected to the same pressure as the mov- 
ing piston, and must, therefore, be made very strong. 

Valves. A valve is a device for controlling the 
flow of fluids. Fig. 16 shows one of the sunplest forms, 
such as is used in connection 
with force - pumps. It con- 
sists of a conical disk which 
fits into a seat between two 
passages connected usually 
with water or steam pipes. In 
the figure the valve is shown in 
its closed position. If water 
or steam were piped into the 
right-hand end of this device it would, of course, i 
the valve from its seat and pass through with f 
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tically no obstruction. But, if the stream should be 
suddenly reversed, as in the ease of a force-pump, the 
valve would immediately be forced to its seat, and the 
passage would be closed. The valve shown in the cut 
is self-acting, and is called a check-valve. Valves are 
of many different forms. Some axe self-actmg, some 
are operated by hand, and some by the machinery of 
which they form a part. 



CHAPTER II 

EARLY STEAM-ENGINES 

The first practical steam-engine was invented by 
an English mechanic named Newcomen. 

In the year 1711, one of these engines was set up at 
a coal-mine to operate a big pump. As a matter of 
fact, the Newcomen engines were used only for pump- 
ii^, but an improved engine of somewhat similar con- 
struction was afterward used to drive a mill. 

F^. 17 shows the construction of Newcomen's en- 
gine. There was a heavy wooden beam, mounted on a 
pivot at the top of a strong support, one end of which 
was connected to a pump-rod by means of a short 
chain, heavily weighted. The other end of the beam 
was connected, in the same way, with a movable piston 
working in a steam-cylinder which was open at the 
top and connected at the bottom with a steam-boiler 
and a cold-water tank. When the piston was at the 
top of its stroke, steam was admitted to the cylinder 
and allowed to flow until it had driven out all the air 
through the pipe, at the left, the lower end of which 
waa often placed lower than here shown. The steam 
was then shut off, and water from an elevated tank was 
admitted through a pipe, as shown. The pressure of 
the atmosphere on the top of the piston then caused 
it to descend to the bottom of the cylinder. 
21 



22 THE STORY OP THE ENCIKE 

This raised the pump-rod and drew water from the 
mine. The steam-valve was then opened again, and 
the pressure of the steam, aided by the weights on the 
pump-rod, caused the piston to rise to the top of the 




cylinder. By opening and closing the steam and watei 
valves at proper intervals, this motion was made con- 
tinuous. 

This engine was very wasteful of steam because the 
cylinder had to be reheated every time steam was ad- 
mitted, and a great deal of the steam was thus turned 
to water before it completely filled the cylinder and 
drove out the air. The cold-water tank was supplied 
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by means of a small pump worked by the same beam 
that operated the large one. 

Thus the heavy work of raising water from a deep 
mine was accomplished by simply opening the steam 
and water valves by hand and keeping a good fire 
mider the boiler. 

Now, the story of a bright boy must be told. The 
opening and closing of the steam and water valves was 
such light work that it was generally turned over to boys. 

Humphrey Potter was so employed at one time, and 
he immediately put his wits to work to invent a way 
of making the engine entirely self-acting. After sev- 
eral trials he was able to arrange strings in such a 
way that the beam in its movements pulled on the 
handles of the valves and opened and closed them just 
at the right moment. Rods were soon substituted for 
strings, and the new arrangement was afterward used 
on all such engines. 

It was found that the opening and closing of the 
valves could be done in this way much more regularly 
than it had ever been done by hand, and the speed 
of the engine was thereby much increased. 

Humphrey Potter's invention was the most impor- 
tant improvement on the steam-engine that was made 
for many years. 

The Newcomen engine was soon used wherever flood- 
water interfered with the working of coal-mines, and 
its adoption marked one of the greatest advances made 
in applied mechanics in thousands of years. Here 
natural forces were made to do very heavy work that 
had formerly been done entirely by hand. 
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It might be said that Newcomen's engine was not 
a true steam-engine, for the piston was forced down 
entirely by atmospheric pressure. It should be re- 
membered, however, that steam was necessary to force 
the air out from under the piston and produce a con- 
dition that enabled the atmospheric pressure to do its 
work. 

The Atmosphbee. It may not be clear to all 
readers why the condensation of steam in the cylinder 
of tlic Newcomen engine, just described, caused the 
piston to move to the bottom of the cylinder with 
sufficient force to raise the heavy weights, pump-rod, 
and water at the other end of the beam. 

It has been stated that it was the pressure of the 
atmosphere that caused the movement, but how, some 
may aek, could such a light substance as the air exert 
such a force? The air which we breathe and move 
about in so freely seems the lightest thing imaginable, 
but it presses on every inch of the earth's surface, at 
sea-level, with a force of fourteen and seven-tenths 
pounds. This is more than one ton to every square 
foot. Tile atmosphere extends about forty-five miles 
above the surface of the earth, but it is much denser 
toward the bottom than toward the top, because the 
lower air has to carry the weight of all that is above it 
and is thereby compressed. The weight of the air 
on any given surface exerts pressure, just as truly as 
the weight of a block of stone exerts pressm^ on any- 
tliing on which it may rest. There is this difference, 
however, between the pressure of fluids, like air and 
water, and solids like stone. The stone exerts no pres- 
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sure except downward, while fluids not only exert pres- 
sure downward but in other directions as well. 

The pressure of the atmosphere on the body of an 
ordinary-sized man amounts to more than fifteen tons, 
but it is not felt at all for the reason that the air inside 
the body equalizes the pressure. Any one who doubts 
that the atmosphere exerts pressure should experiment 
with an air-pump by placing his hand over the opening 
in the plate of the pump while some one exhausts the 
air from under it. The pressure which he will feel on 
his hand will be caused by the weight of the atmos- 
phere pressing down where the air has been pumped 
from underneath. 

In a Newcomen engine with a piston 20 inches in 
diameter, the pressure on the top of tlie piston would 
be more than two tons, but, so long as the cylinder is 
filled with air or steam, that pressure will have no effect 
on the piston, for the upward pressure exactly balances 
the downward. In the Newcomen engine the steam 
pressure never rose much above atmospheric pressure 
because of the outlet pipe, shown at the left of Fig. 17. 

Let us see, now, what happened when the jet of 
cold water was turned into the steam-filled cylinder. 
It cooled the contents of the cylinder, of course, and 
when steam at atmospheric pressure is cooled, it im- 
mediately turns to water. But a cubic foot of steam, 
at atmospheric pressure, turned to water, only occu- 
pies a cubic inch of space. Except for a thin layer 
of water, then, at the bottom of the cylinder, caused 
by the condensation of steam, and the small amount 
of cold water admitted from the tank, the eyhnder 
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would have nothing ]eft in it; and the pressure of the 
air on the top of the piston, being unbalanced, would 
immediately cause the piston to move downward. 
The effect was the same as though air had been pumped 
from under the piston by means of an air-pump. If 
the steam were all condensed and no air got in between 
the piston and the cylinder, or in any other way, the 
pressure on a 20-inch piston, as has been said, would 
be more than two tons. It is not probable, however, 
that such good results were attained by means of this 
rather rough piece of mechanism. In those days 
turning-lathes for iron were not in use; it is probable 
that the piston did not fit the cylinder perfectly, and 
a considerable amount of air must have rushed in 
that way before the piston reached the bottom. New- 
comen had an arrangement for conducting water to 
the top of the dish-shaped piston partly to cool the 
piston and partly to form a water seal for the joint 
between piston and cylinder. Nothing like a com- 
plete vacuum was probably produced. If it were only 
a half vacuum, however, pressure enough would be 
exerted on a 20-inch piston to raise a weight of one 
ton at every stroke. 

Watt's Engine. Newcomen's engine, as has been 
said, was very wasteful of steam. James Watt, a 
Scotch instrument-maker, having some knowledge of 
science, made a thorough study of the device to see 
how it could be improved. He discovered that the 
greatest waste was through condensation of steam 
when it first entered the cylinder caused by the fact 
that cold water had been introduced a moment before 
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to condense the steam of the previous stroke. He 
decided that it would be better to condense the steam 
in a separate vessel, so as to avoid cooliiig the cylinder 




Fig. 18 



at every stroke of the engine, and went to work to 
devise such an arrangement. He decided, too, that 
something should be done to protect the outside of 
the cylinder from the cold air. He arrived at the 
correct conclusion, that a steam-engine is, in reality, 
a heat-engine, and that the steam must be kept as hot 
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as possible, and the condenser as eool j 
order to have the engine do efficient work. He took 
another great step in the development of the steam- I 
engine when he made provision for utilizing the ex- 
pansive force of the steam for moving the piston and 
no longer depended on atmospheric pressure alone, 
for the working stroke. Watt's improved cyUnder is j 
shown in Fig. 18, The body of the cylinder, in which 
the piston worked, was, like Newcomen's, open at the 
top. But there was only one opening in the bottom 
which led to a passage, in which was a valve, shown at 
the right. This passage led to a separate condenser. 
Surrounding this cylinder was another, closed at the 
top, with a stufhng-box for the piston-rod to pass 
through. This outside cylinder was large enough to 
leave two or three inches of space between it and the 
inner cylinder, and was connected with a steam-supply 
pipe, shown at the left. On one side, at the bottom, 
was an equilibrium-valve which connected the space 
between the two cylinders with the steam passage at 
the bottom of the cylinder. The use of this will be 
plain when we come to explain the working of the" 
engine. The condenser, not shown in the figure, was 
merely another cylinder with a jet of cold water com- 
ing into it to which was attached a small pump for 
removing the water of condensation and any vapor 
that might remain. 

Steam entered, as shown by the arrows, and filled 
the space between the two cylinders as well as the open ' 
end of the inner cylinder. The pressure of the steam, 
aided by the atmosphere, caused the piston to descend 



EARLY STEAM-ENGINES 29 

to the bottom of the cylinder. The steam was then 
shut off, and the eqxiilibrium-valve opened, the valve 
leading to the condenser being closed. This caused the 




steam to enter the small space below the piston and 
equalized the pressure on its two sides. The weights on 
the pump-rod then caused the piston to rise just as in 
Newcomen's engine. When the piston reached the top 
of its stroke, the equilibrium-valve was closed and the 
one leading to the condenser was opened. The steam 
below the piston immediately rushed out to fill the 
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vacuum in the condenser and a condition was produced 
like that described under Newcomen's engine. 

So, it will be seen, Watt's improvement consisted in 
keeping the working cylinder always hot, the lower 
part of the cyhnder always clear of water and uncon- 
densed steam, and, most important of all, the use of 
eteam as well as atmospheric pressure to move the 
piston down during the working stroke. 

This was such a great improvement over the old 
Newcomen engine and resulted in such a great saving 
of fuel that Watt and his partners were kept very 
busy supplying the demand for these engines. 

Very soon Watt made other improvements. He 
provided a separate entrance to the steam-jacket 
around the cyhnder, and a closed end at the top, as 
shown in Fig. 19. The operation was similar to that 
just described. Steam first entered above the piston. 
When the piston reached the bottom of the stroke, the 
steam and condenser valves were closed, the equilib- 
rium-valve was opened, the pressure above and below 
the piston was equalized and the weights on the pump- 
rod raised the piston. The equilibrium-valve was then 
closed and the steam and condenser valves opened in 
preparation for the next stroke. 

Watt's next step was to use steam expansively. 
This was effected by simply closing the steam-valve 
at the top before the piston had reached the bottom 
of its stroke. After closing the valve, the steam al- 
ready in the cyhnder expanded and continued to exert 
pressure on the piston. By closing the valve when the 
piston was half-way down, only about half as much 
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steam was used at each stroke as formerly and a great 
saving of fuel and water was thus effected. 

Of course the pressure gradually dmunished as the 
steam expanded, but the amount of work gotten out of 
a given quantity of steam, and consequently from a 
given quantity of fuel, was greatly increased. 

Watt found that he could cut off the steam-supply 
when the piston had made from one-quarter to one- 
third of a stroke and still have enough power to oper- 
ate the engine. This principle of using the steam ex- 
pansively has been greatly developed in recent years 
through the use of compound engines — to be explained 
farther on, 

AH the engines that have so far been described were 
single-acting. That is to say, only the downward 
stroke produced any power. So long as engines were 
used solely for pumping, double action was not neces- 
sary. But Watt's inventive mind began to work on 
the problem of turning wheels. By using very heavy 
fly-wheels, single-acting engines could be made to turn 
an axle in much the same manner as grindstones and 
sewing-machines are turned by foot power, but the 
motion was irregular and not well adapted to most 
kinds of work. Watt understood the use of the crank 
as a means of changing up-and-down motion into 
rotary motion, but a rival of his had secured a patent 
on this device. So he resorted, at first, to what is 
called the sun-and-planet motion. A small-toothed 
wheel was fixed at the end of a connecting-rod, as 
shown in Fig. 20, The motion of the engine caused 
this wheel to revolve around another toothed wheel 
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rigidly connected with the shaft that it was required 
to turn. The centres of the two wheels were connected 
by means of a link, as shown in the figure, which was 
loose on the shaft. 

The shaft was by this means caused to make one 




Fig. 20 

revolution to every double stroke of the engine. When 
the patent expired on the crank, Watt adopted it in 
the form in which it is still used. 

By the use of the sun-and-planet motion and a heavy 
fly-wheel Watt was able to give a rotary motion to 
a shaft with his single-acting engine, but not much 
power could be transmitted in that way. His 
step was to develop a double-acting engine in which 
every stroke of the piston, whether up or down, 
a power stroke. 
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This involved some changes in his valve arrange- 
ments, but he succeeded in accomplishing his object 
without adding greatly to the cost of his engine. In 
his double-acting engine, steam was admitted first on 
one side of the piston and then on the other. While 
steam was acting on one side of the piston, the opposite 
end of the cylmder was exhausting into the condenser, 
so the full force of atmospheric pressure was utilized 
on the up stroke as well as on the down stroke. 

The chain connection wliich Watt, as well as New- 
comen, used in his earliest engines, between the pis- 
ton and working-beam, could not be used in connection 
with a double-acting piston. The ends of the working- 
beam, of course, moved in arcs of circles and chain 
connections over curved guides, such as those shown in 
Fig. 17, served well where the work of the engine was 
all done on the down stroke. The piston-rod, shown in 
Figs. 18 and 19, could be used to take the push of the 
piston on the upward stroke, but could not be con- 
nected directly with the working-beam because of its 
swaying motion. Watt finally succeeded in invent- 
ing a parallel motion device, shown in Fig. 21, which 
counteracted the swaying motion of the working-beam, 
and caused the upper end of the piston-rod to move in 
a straight line. 

It consisted of a system of rods joined together by 
means of movable joints, as shown. One of these 
rods was connected with a bracket fixed to a wall or 
other firm support. This rod had two branches, so 
that the piston-rod could move between them. As the 
working-beam moved upward from its central position. 
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it swayed the upper end of the short connecting-rod 
toward the left, but the rod that was hinged to the wall 
bracket was at the same time acting in the oppodte 




Fig. 21 



direction. By means of the other rods these two con- 
trary movements were made to equaUze each other. 

Watt was more fortunate than many inventors have 
been in securing a partner, A manufacturer named 
Boulton furnished money and business experience, 
while Watt continued to devote his attention to per- 
fecting his inventions and superintending their con- 
struction. The demand for engines was so great that 
Boulton and Watt were obliged to increase the capacity 
of their plant at many different times, and a profitable 
business was carried on by them for many years. 

Watt's double-acting steam-engine was the fore- 
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runner of the modem reciprocating steam-engine and 
differed from it only in minor details. 

Ever since this great inventor showed the way the 
heaviest work of all eivihzed countries has been per- 
formed by natural forces, and great burdens have been 
lifted from human shoulders. 

Not only has the steam-engine lightened the labors 
of countless thousands of men by making it possible 
to apply a great natural force to the performance of 
tasks once done by hand; but, by making it easy to 
reproduce many articles from a single pattern, it has 
stimulated production and multiplied the output of 
hundreds of articles of daily use. Many things that 
were formerly considered luxuries, to be enjoyed only 
by the rich, are now so cheaply manufactured by 
I>ower that they may be enjoyed by all. 



CHAPTER III 

STEAM-BOILERS, FURNACES, AND CONNECTIONS 

Before proceeding to the description of modern 
engines, something should be said about methods of 
generating steam. Steam-boilers and furnaces are as 
important, in their way, as engines and require as 
much care in design and manufacture. 

Watt employed steam pressures of only about ten 
pounds above that of the atmosphere, and Newcomen 
used even lower pressures, so their boilers did not need 
to be nearly as strong as modem boilers which often 
carry steam at over two hundred pounds' pressure per 
square inch. Newcomen used a kettle-shaped boiler, 
the lower part of which was made of copper, and the 
upper part of lead. Copper stands fire even better 
than iron or steel, and it is still used about locomotive 
fire-boxes; but it has too httle tensile strength for the 
shells of lai^e modem boilers. Lead and other soft 
metals, of course, cannot be used where steam pressure 
is to be carried much above atmospheric pressure. 

Boilers are usually of cylindrical form, because this 
is not only a good shape to withstand internal pressua^ 
but one that lends itself to easy construction. A 
spherical shape would be even better for withstanding 
the pressure of steam, but this is a difficult shape to 
make and one that does not allow of the use of flues 
and tubes for increasing the heating surface. A boiler 
that had no heating surface besides its outer shell 
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would not make steam fast enough for running an 
engine that had much work to do. Various devices 
used for increasing the heating surface of modern boil- 
ers will be described farther on. The heating surface 
of a boiler is that which separates the water from the 
flame and hot gases that arise from the burning of fuel, 
usually coal, under or within the lower part of the boiler. 

This brings us to a consideration of furnaces and 
fire-boxes. 

Furnaces. Heat is the result of chemical action 
which takes place when the oxygen of the air imites 
with the carbon and other combustible elements of 
fuel, so an important consideration in the design of a 
furnace is a proper arrangement for supplying air. 

In Fig. 22, three kinds of fires^are shown. At the left 
is shown a fire such as is often built in the open air. 
Here the fuel is entirely surrounded by free air which 
flows in from all directions as the fuel is slowly consumed 
and the resulting hot gases rise. The hot gases rise 
because they are Hghter than the surrounding air, 
and this tends to produce a vacuum over the fire and 
the surrounding air rushes in to fill it. Whenever air 
comes in contact with very hot fuel it gives up its 
oxygen, and this keeps up the fire. Because of the as- 
cending current over an open fire, the incoming air 
moves in directions indicated in the figure by the arrows, 
and very little of it really comes in contact with the fuel. 

At b, we have a section of an ordinary fireplace con- 
nected with a chimney. The chimney plays an im- 
portant part in keeping up the fire, as we shall see. 

The fuel is supported on a grate. After such a fire 
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is once started, the hot gases rush up the chimney and 
the air which is drawn in comes only through the open- 
ing at the front. A part of this incoming air passes 




Fig. 22 



under the grate and is brought in close contact with the 
fuel as it passes through. Such a fire will burn much 
better than the one shown at a, not only because a 
part of .the incoming air passes directly through the 
fuel, but for the further reason that the ascending 
column of hot gases is confined to a chimney which 
keeps it away from the surrounding cold air which 
would otherwise mix with it and cool it. This rapidly 
ascending column of hot gases produces a draft, which 
brings more air in contact with the fuel and produces 
more heat. Only the air which conies in actual con- 
tact with the fuel helps to keep up the fire. That 
which rushes in through the upper part of the fire- 
place opening only tends to cool the ascending ga 
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and to check the draft. If a "blower," or cover, is 
placed over the front opening so that no air can enter 
except that which comes through the fire from under 
the grate, the draft will be greatly increased and the 
fire will burn much more briskly. At c an ordinary 
closed furnace with an elevated grate is shown, where 
all the air that feeds the fire is compelled to pass be- 
tween the grate-bars, and all the hot gases pass through 
a pipe directly into a tall chimney. When the fuel 
door is closed, such a furnace, with proper fuel, makes 
a very hot fire. The higher the chimney the better 
the draft will be, because a longer column of hot as- 
cending gas is thus produced. This is the arrangement 
ordinarily used for producing a fire under a steam- 
boiler. In some cases, where very tall chimneys are 
not practicable, blowing-machines are used for forcing 
air directly under the grate. Another device for in- 
creasing the draft, used on locoinotives, is to exhaust 
the steam from the engine through a short vertical 
pipe at the bottom of the smoke-stack. The rushing 
column of hot steam draws the hot gases with it, and 
this causes air to rush between the grate-bars and 
through the fuel. 

But all these various devices for producing a hot 
fire are of no use unless some effective means be em- 
ployed to impart the heat to the water in the boiler, 
and thus generate steam for the engine. All the heat 
that escapes up the chimney is wasted. This is the 
greatest drawback to the steam-engine as a means of 
converting heat into useful work. 

Vertical Boilers. As we now consider the vari- 
ous forms of steam-boilers we shall see how they are 
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planned to get the greatest possible amount of heat 

from a given quantity of fuel. 

Fig. 23 shows one of the simplest forms of the 

steam-boiler, such as is used in connection with hoist- 
ing-engines. It con- 
sists of a cylindrical 
shell standing on one 
end, with a furnace 
below and a smoke- 
stack immediately 
above it. The fur- 
nace, which has an 
elevated grate, con- 
sists of a cylindrical 
shell of smaller diam- 
eter than the boiler, 
connected with the 
smo k e-s tack by 
means of a number 
of vertical tubes, the 
lower ends of which 
pass through the top 
of the furnace, or 
fire-box, and the up- 
per ends of which 
pass through the top 
end of the boiler. It 
will be noted that the 
fire-box is entirely 
surrounded by the 
water in the boiler 





I 



STEAM-BOILERS 

and that the tubes greatly increase the surface 
which separates the flame and hot gases from the 
water. 

The heating surface of a boiler should bear a certain 
-fixed relation to the grate surface, or bottom of the 
fire. The ash pit, in this case, is merely an extension 
of the boiler-shell. The grate-bars are supported on a 
ring bolted to the shell. An ash-door, below the grate, 
provided with a gridiron-shaped damper, is the only 
means by which air is conducted to the fuel. 

The hot gases, of course, rush up the tubes to the 
smoke-stack. This draws air between the grate-bars 
and directly through the fuel. The fire-door, shown 
above the grate in dotted lines, also serves as a check 
to the draft— whenever the engine is not running and 
the fire-door is left open. The tubes are made of much 
thiimer metal than the rest of the boiler because of 
their small size and the fact that the pressure on them 
is from the outside inward. Fastened, as they are, to 
both the crown sheet of the fire-box and the top end of 
the boiler, they serve to greatly strengthen both of these 
parts. 

A small boiler of this description is usually made of 
a single sheet of metal bent into cylindrical shape, with 
fire-box and upper end sheet riveted to it, as shown. 
The top sheets of both lire-box and boiler are first made 
dish-shaped, and holes are afterward cut for the tubes 
to pass through. The lower end of the smaller cylinder 
which forms the fire-box, is expanded and bolted to the 
boiler-shell. 

Boilers of this shape, when made of metal of the 
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proper grade and thickness, will withstand a pres- 
sure of several hundred pounds per square inch of sur- 
face. 

When steam is raised every part of the boiler, fire- 
box, and tubes, is subjected to the same pressure 
whether above or below the water line and the greatest 
care has to be taken to have all joints securely riveted 
and steam and water tight. Every boiler has to be 
fitted with certain accessories and connections which 
will now be pointed out. At the right and top of the 
boiler, Fig. 23, is shown a steam-pipe coimection, which 
leads to the engine, and a steam-gauge attached to the 
pipe near the boiler for measuring the pressure. The 
gauge is a very important accessory and should be fre- 
quently tested to see that it is in good working order- 
Its construction will be described later. On the other 
side is shown a safety-valve which consists of a conical 
disk resting in an opening of corresponding shape 
connected with the boiler. Here it is connected by 
means of a short steam-pipe because of the cone-shaped 
smoke-box which covers the top end of the boiler. 
A short pin is fitted to the top side of the safety-valve 
and this presses against the under side of a lever that 
is weighted down by a movable ball which can be set 
in different notches according to the pressure at which 
the boiler is designed to blow off, which is usually far 
below the pressure that the boiler will stand. This 
device is a necessary safeguard with which every boiler 
must be supplied. 

Little if any less important than the safety-valve ia 
the water-gauge, shown at the left just below the safety- 
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valve, Fig. 23. It consists of a stout glass tube con- 
nected with two short pipes one of which enters the 
boiler-shell above the proper water level and the other 
below. Water will stand in the glass tube at the same 
level as in the boiler and the gauge should be placed 
where it can be plainly seen by the man in charge. 
Connected with the same pipes as the glass tube is 
usually a larger tube of metal which stands parallel 
with the water-glass. Three gauge-cocks are attached 
to this tube, one at the proper water level, one above 
and one below. These should be opened periodically 
to make sure that there is no stoppage in the connec- 
tions of the water-glass. A pet-cock is attached to 
the lower end of the water-glass so that steam may be 
blown through it occasionally to keep it clear. 

Water always contains more or less sediment which 
accumulates in boilers as the water is evaporated. 
Hand-holes are therefore provided near points where 
the deposit is most likely to occur. In Fig, 23, one is 
shown near the bottom of the boiler and another just 
above the level of the crown sheet of the fire-box. The 
hole in the shell of the boiler is large enough for a man 
to put his arm through. This is covered by an oval 
plate which is held in place by means of a bolt passed 
through a hole in the plate and another in a "spanner." 
Some sort of packing is always necessary both between 
the plate and shell and around the bolt-hole in the mid- 
dle of the plate. Manholes, sufficiently large to allow 
a man to pass through when the boiler is in need of 
repairs or a thorough cleaning, are placed in all lai^e 
boilers. 
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The Horizontal Tubular Boiler. Fig. 24 showa 
a horizontal tubular boiler, in its usual setting. The 
boiler consists of a cylindrical steel shell with flat ends 
and a large nmnber of horizontal tubes as shown on the 





end view, at the right. By means of heavy brackets 
bolted to the shell the boiler is supported on brick walls 
the same distance apart as the diameter of the boiler. 
A wall in the rear is located a foot or more back of the 
end of the boiler, and an arch is turned from the top 
of the wall against the end-plate, just above the top 
line of tubes. The furnace under the front end of the 
boiler has a "bridge wall" at the back, which is built 
up on a curve so as to come within a few inches of the 
shell of the boiler. At the front end of the boiler, above 
the level of the furnace, there is a space called the 
smoke-box with an iron front cormecting with a pipe 
leading directly to a chimney or smoke-stack. The 
water-gauge has long connections so as to bring the 
glass in front of the smoke-box where it 
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be seen. The steam-gauge and safety-valve are usu- 
ally connected with the boiler end of the steam-pipe 
leading to the engine. Here the whole lower half of 
the boiler-shell is in close contact with the fire, and the 
hot gasea pass over the bridge and enter the tubes at 
the rear end, thence through the tubes to the smoke-box 
and out the chimney. 

The space between the bridge and the rear end of the 
boiler serves as a combustion-chamber where the half- 
bumed gases that pass over the bridge are more com- 
pletely burned. This is a more efficient boiler than 
that shown in Fig. 23 for the reason that the hot gases 
have a less direct outlet and are held longer in contact 
with the heating siu-faee. The fire is controlled by 
means of dampers in the fire and ash-pit doors — -not 
shown in the figure. 

This boiler is of simple construction and is much 
used in heating plants, as well as for generating steam 
for engines. Boilers like that shown in Fig. 24 are often 
set in "batteries" only a foot or two apart. Sometimes 
the whole battery of several different boilers is sur- 
rounded by a single set of brick walls. Each boiler 
should have an independent furnace and steam con- 
nections, so that it can be shut off from the others when 
in need of repairs, or when less steam is needed than 
the whole battery can supply. 

The Locomotive Boiler. Fig. 25 shows the essen- 
tial parts of a locomotive boiler. It consists of a shell 
of general cylindrical form, but often enlarged at the 
back, with a self-contained fire-box at the rear end, 
connected by means of a great number of small tubes, 
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with a smoke-box at the other end. A short smoke- 
stack is attached to the top of the cylindrical smoke- 
box, and, immediately underneath, is an inverted 
funnel with its lai^e end over the exhaust-pipe of the 




Fig. 25 



engine. This is a very good form of boiler inasmuch 
as the fire-box is entirely surrounded by water — except 
at the bottom — and the tubes are very close together. 
The fire-box has flat surfaces on all side^, and has to 
be strengthened by means of stay-bolts and girders, 
which will be more fully described hereafter. 

The locomotive type of boiler is often used for sta^ 
tionary engines and for heating purposes. It requires 
no brick setting and can be easily erected. In Fig. 25 
a "steam-dome" is shown at the top of the boiler. 
Most boilers are provided with this device for collect- 
ing the hottest and dryest steam before it is piped 
to the engine. In locomotives, a steam-pipe inside 
the boiler connects the steam-dome with the cylin- 
ders. 

Marine Boilers. Fig. 26 shows the type of boiler 
that is used on ocean liners. It consists of a cylinder 
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of large diameter and of comparatively short axis, 
inside of which are several independent furnaces, com- 
bustion-chambers, and sets of tubes. The left-hand 
view is a section through the axis of the boiler showing 
one set of fire-box, tubes, and combustion-chamber. 
The other view shows a cross-section of the tubes and 
furnaces, at the right of the centre line, and an end view 
of the left half of the boiler. It will be seen that the 
furnaces are of a general cylindrical shape, but corru- 
gated so as to allow for expansion when heaied. Just 
below the middle line of each furaaee there are supports 
for a grate. Behind the grate is a low bridge wall, of 
fire-brick, supported on a steel partition which forms 
the back of the ash pit. Behind the bridge and ash 
pit the furnace flue joins with a combustion-chamber 
which rises to the height of the top row of tubes. The 
combustion-chamber is connected with the front of 
the boiler by means of tubes. The tubes discharge 
into "uptakes" which connect with the smoke-stack. 
The two outside sets of furnaces and connections are 
elevated to conform to the shape of the boiler, as will 
be seen in the rightrhand view. The outside walls of 
the outer combustion-chambers are curved to conform 
to the shape of the boiler, but all the other walls are 
made of flat sheets of metal and consequently have to 
be stayed and braced in the manner shown in the figure. 
There are short stay-bolts between the flat walls of the 
combustion-chambers that face each other, and other 
stay-bolts connecting the curved sides with the outer 
shell of the boiler. The flat sheets that form the tops 
of the combustion-chambers are reinforced by means of 
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girders bolted to the tops of the sheets. The great 
flat ends of the boilers are connected by means of long 
stay-rods running the whole length of the boiler. All 
of these staj^ and braces are necessary to prevent the 
flat surfaces from collapsing. It can easily be seen 
that this is a very complicated and expensive boiler 
to make. It has the advantages, however, of being 
very compact and of saving fuelj which are very impor- 
tant considerations on shipboard. The boiler shown 
in Fig. 26 is what is called a "single ender." Most 
of the boilers used on the great liners are double- 
ended — like two of the kind shown in Fig. 26 placed 
back to back, "Double enders" usually ha.ve four 
sets of furnaces, combustion-chambers, and tubes, at 
each end. 

The Cunard liner Aquiiania has twenty-one double- 
ended boilers 22 feet long and 17 feet and 8 inches in 
diameter. Each of these boilers has eight furnaces, 
four at each end. Each fiu-nace requires a separate 
stoker — one hiindred and sixty-eight in all. About a 
thousand tons of coal are burned in a day's run. The 
outer shells of the A^itania's boilers are more than 
1)^ inches in thickness. The end-plates are not quite 
so thick, but are stayed together by rods 2J^ inches in 
diameter. It is said that if the tubes contained in the 
twenty-one boilers of the Aquitania were placed end 
to end, they would reach 54 miles. 

Boilers in steamships are placed as low in the huUs 
as possible, and are grouped in such a way as to leave 
room for stoking and cleaning. The boilers of the 
Aquitania are set in batteries of three, side by side, 
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with stoke-holes between each battery. Usually there are 
two or more funnels on a liner, to which the furnaces are 
connected by means of steel connections called uptakes. 
Forced drafts are sometimes produced by pumping 
air under pressure into the stoke-holes, whence it can 




Fig. 27 



only escape through the grates and furnaces of the 
boilers into the funnels. 

Steam-boilers should always be so designed as to 
provide for good circulation, but it is sometimes 
necessary to arrange special apparatus for this pur- 
pose. Fig. 27 shows an attachment for marine boilers 
whereby steam is admitted through a covered nozzle 
which passes through an opening near the bottom 
of the boiler. Immediately in front of the nozzle, 
inside the boiler, is an attachment through which the 
water is drawn by the current of steam and moved 
rapidly around the boiler. This is used, occasionally. 
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to stir up any sediment that may have been deposi- 
ted at the bottom of the boiler. 

Fig. 28 shows how the long stay-rods that are used 
in marine boilers are attached to the end sheets. 
Fifteen or twenty of these are used in each 
boiler of a big liner, and they are sometimes 
3 inches in diameter. 
Fig. 29 shows a 



gusset stay" that is 
sometimes used to 
■- " ■'— support the flat ends 
of boilers. These 
stays are riveted both to the outside shell 
and to the end sheet to be supported. 
Fig. 28 Where flat surfaces, like the tops of fire- 
boxes and combustion-chambers cannot be 
stayed to other parts of the boiler, girders are used 
like those shown in Fig. 26. These girders are at- 
tached to the plates 
by bolts and pre- 
vent the plates from being bent 
inward by the pressure of the 
steam. 

The tubes, which are headed 

into the front plat^ of the boiler 

and the combustion-chamber, act 

also aa stays for the support of these plates; but 

stay-rods have to be used between the furnaces, as 

shown at the right in Fig. 26. 

Cylindrical boilers, such as have been described, 
are made of steel plates bent to the required shape 
and joined as shown in Figs. 30 and 31. Short 
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steel rivets are placed in 
drilled holes and headed 
up on the outside. The 
rivets contract slightly as 
they cool and this draws 
the plates closely together. 
Fig. 30 shows a double- 
riveted lap joint, and Fig. 
31 a butt-joint. In the 
butt-joint two plates, slightly thinner than the boiler- 
shell, are lapped over the joint, and the rivets are 
then passed through all three pieces. 
After a boiler has been riveted 
together, all the joints have to 
be "calked" to make them per- 
fectly water and steam tight. This 
is done by "heading" the outside 
edge with a square-nosed tool 
and hammer, as shown in Fig. 32. 
The Water-Tube Boiler. An- 
other style of boiler, quite dif- 
erent from those that have been 
mentioned, remains to be described. 
It is the water-tube boiler. Here 
the heating surface is made up principally of tubes, 
so arranged that water may freely circulate through 
them while the flames and hot gases are made to cir- 
culate around and between them. Fig. 33 shows the 
main features of a tj^ie of water-tube boiler that is 
much used at the present day, 
A long cylinder is supported at a considerable height 
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above the grate, while the space between is occupied 
with piping, and guiding partitions for controlling the 
movement of the hot gases. Attached to the under 
side of the cylinder are two inclined legs which connect 




with headers that support the main water-tubes, in an 
inclined position. The front parts of the tubes are 
supported directly over the grate while the other ends 
are connected with a mud-drum near the bottom of the 
combustion-chamber. Water fills the tubes, headers, 
legs, and the lower third of the cylinder. As the water 
in the tubes is heated it expands and rises through the 
front headers and enters the front part of the cylinder. 
The cooler water in the cylinder descends the leg in 
the rear, and follows the ascending current until it 
becomes heated in turn and rises into the cylinder. 
Perfect circulation is thus produced and very soon the 
water becomes so heated that it issues into the cylinder 
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in the form of steam, which collects in the upper part 
of the cylinder as it would in an ordinary boiler. 

It will be seen, by Fig. 33, that the hot gases, after 




Fig. 33 

rising between the water-tubes, are made to descend 
and rise again between the back ends of the tubes 
before they can escape through the opening into the 
smoke-stack. This is about the best possible arrange- 
ment for extracting the heat from fuel and imparting 
it to water in a boiler. The hottest water is always 
toward the top of the inclined tubes, directly over the 
hottest part of the fire, while the somewhat cooler 
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gases are brought into contact with the lower part of 
the tubes which contain the coolest water in the boiler. 

The tubes are not placed in vertical rows but are 
"staggered" as shown in the end view at the extreme 
right, Fig. 33. The hot gas is thus obliged to take a 
zigzag course which brings it into contact with every 
tube. On the opposite side of the headers from that 
in which the tubes are connected, there are plugs which 
can be removed when it is necessary to clean or repair 
any of the tubes. The view at the right shows five 
open holes, and five closed with plugs. In case any 
tube becomes leaky or blows out, it can be plugged 
at the header. The boiler can then be used as before, 
with its heating surface only shghtly reduced. 

The hairpin-shaped tube near the top of the com- 
bustion-chamber is a "superheater" for drying out 
the steam and adding heat to it. Superheated steam 
is more effective than "saturated" steam in an engine 
that is designed to use steam expansively. 

The superheater connection passes through the bot- 
tom of the large cylinder and opens into the steam 
space near the top. It will be seen that the opening 
into the smoke-stack is near the bottom of the com- 
bustion-chamber, where the gases naturally fall after 
imparting their heat to the boiler. 

Travelling grates are often used with this type of 
boiler. By means of this device, one or two firemen 
are able to keep a large battery of boilers supplied 
with fuel, where hand-firing would require a large 
crew of men. Not only does the traveUing grate save 
labor in firing, but it makes possible the use of infe- 
rior grades of fuel with the least possible amount of 
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smoke. It consists of a large number of small grate- 
bars hinged together in the form of a chain which 
runs over revolving drums — one at the back of the 
furnace and one outside of the fire-door. These drums 
are made to revolve, very slowly, so that the grate will 
advance from the front to the back of the furnace and 
then be brought back, like the under side of a belt. 
Fine coal is fed into the front end of the grate through 
hoppers that are kept filled by machinery. As the 
fuel slowly advances into the fire it becomes gradually 
heated, and is finally burned to an ash before it reaches 
the back of the furnace. In this way, nearly the full 
heating value of the fuel is made use of. 

The black smoke which appears whenever a large 
quantity of fresh coal is added to a fire, is composed 
largely of fine unburned fuel, which is of course wasted. 
In hand-firing it is not only necessary to throw coal 
on in shovels fuU, but the fire-door must be held open 
while this is done. The combined effect of the cold 
fresh fuel and the inrush of air through the fire-door, 
is to check the fire for a few moments, and thus to add 
another hindrance to the proper working of the steam- 
generator. By the use of the travelling grate the fuel 
opening can be kept closed down to a space just large 
enough to admit the travelling grate and its thin layer 
of fuel. 

Water-tube boilers that are fitted with travelling 
grates have furnaces about twice as deep in propor- 
tion as that shown in Fig, 23. This necessitates the 
use of longer water-tubes set at a flatter angle than that 
shown in the figure. 



STEAM-BOILERS 

Travelling grates are sometimes called chain-grates, 
and they are nearly always mounted on trucks, so that 
the whole device can be drawn out of the furnace, 
whenever it is necessary to make repairs. 




Fig. 34 

Steam-Fittinqs. a great many steam and water 
pipes are necessary about steam-boilers and engines, 
and these are generally made up of short lengths which 
must fit together steam-tight. Fig. 34 shows the form 
of joint generally used to connect large steam-pipes. 
It consists of two flanged rings of cast or malleable iron 
into which the ends of the steam-pipes are screwed. 
The faces of the flanges, which have previously been 
turned in a lathe, are then brought together, with a 
thin ring of asbestos or other packing between, and 
bolted as shown in the figure. 

Whenever it is desired to change the direction of a 
line of piping, "elbows" of various angles are used. 
These and other forms of steam-fittings are connected 
by means of flanges and bolts like those shown in Fig. 34. 

Small pipes and fittings are joined by merely screw- 
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ing the parts together as shown in Fig. 35 where various 
forms of fittings are grouped together. 

From left to right the various fittings shown in Fig. 




©oo^ 



Fig, 35 



35 are named — elbow, short nipple, tee, long nipple, 
union, nipple, coupling, nipple, forty-five degree elbow 
and plug. 

The larger the diameter of a pipe or cylinder sub- 
jected to internal pressure, the greater its thickness 
needs to be. In Fig. 36 two 
cyhnders are shown, one of 

©r i i i ' i ' I ! " 1 1 i'i\ which has a diameter four 
vIl1^Ml'''f'i"fj times as great as the other. 
If each of these cylinders is 
subjected to steam pressure, 
of say one hundred pounds 
to the square inch, the pres- 
sure will, of course, be ex- 
erted outward from the cen- 
tre; but, so far as it tends 
to rupture the cylinder along 
lines parallel to the axis, it 
will act as indicated by the dotted arrows — at right 
angles to the diameter indicated. The large cylinder 
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will have to withstand four times as much stress along 
a given length — on the two sides — as the smaller one, 
so the thickness will need to be four times as great. 
The boilers of ocean Uners are often more than an inch 




Fig. 37 



and a half in thickness, but a good sound half-inch 
steam-pipe, connected with one of them, would not 
need to be one-sixteenth of an inch in thickness to 
withstand the same pressure. 

In order to control the flow of steam from the boiler 
to the engine, various forms of valves are used. Large 
shut-o£f valves are usually of the balanced type, for 
the reason that this form can be more easily operated 
against heavy steam pressure. An ordinary valve 
4 inches in diameter opening against a steam pressure 
of one hundred and eighty pounds to the square inch 
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would be pressed against its seat with a force equal to a 
weight of one ton. Fig. 37 shows a balanced valve that 
can be easily operated against the highest steam 
pressure. It consists of two conical disks connected 
with a single stem terminating in a screw and hand 
wheel. The disks, which close against openings of 
corresponding shape, operate one with and one against 
the pressure, so that one balances the other. Let us 
suppose that the left end of the valve-easing, shown in 
Fig, 37, is connected with the boiler and the right-hand 
end with the engine. When the valve is closed, steam 
will press against the top of the upper disk and against 
the bottom of the lower one. 

If these surfaces are of the same size, the valve will 
be perfectly balanced. If the top disk is slightly 
larger, as is usually the case, the valve will have to be 
operated against a slight resistance due to the excess 
of pressure on the upper disk. 

Sometimes a balanced hand crank, Uke that shown 
in Fig. 37, A, is used instead of a hand wheel for op- 
erating a shut-off valve. 



CHAPTER IV 
RECIPROCATING ENGINES 

After studying, as we have, the construction of 
Watt's condensing engines, a common horizontal 
high-pressure engine, like that shown in Fig. 38, looks 
very simple. But there are certain modern features 
that have not yet been explained. Newcomen and 
Watt both employed a working-beam, as we have 
seen, to transmit the motion of the piston to the 
pump-rod in their big pumping-engines. Watt con- 
tinued to use this device in connection with mill- 
engines. The more compact an-angement shown in 
Fig. 38 was later adopted for engines of moderate size. 

Attached to one end of a strong rigid base are a 
double-acting cyhnder, piston, and steam-chest; at the 
other end are a horizontal shaft, crank, eccentric, fly- 
wheel, and driving pulley. Sometunes the two parts 
last mentioned are combined in one. Between the 
cylinder and shaft are the necessary rods and guides 
for the transmission of power. In this case, the steam- 
chest and slide-valve, which receive and distribute the 
steam as it comes from the boiler first to one side of 
the piston and then to the other, are shown at the top 
of the cylinder. This arrangement allows us to see 
all of the essential parts in one view. The steam- 
chest is bolted to a plane surface on the top side of 
the cylinder. In this surface there are three oblong 
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openiiigs, as shown at A above. The wider one, in the 
middle, connects with a passage leading to the exhaust- 
pipe and the other two open into passages leading to 
the two ends of the cyUnder. The D-shaped slide- 
valve is long and wide enough to cover all three open- 




FiG. 38 



ingB when in its middle position. In the position shown 
it has been moved to the right far enough to partly 
uncover the passage, or port, leading to the left end 
of the cylinder, and steam is being admitted for the out 
stroke. At the same time exhaust-steam is discharging 
through the right-hand port to tlie hollow of the valve 
and thence through the centra! exhaust port to the 
open air. When the piston reaches the limit of its 
stroke to the right, the slide-valve will have moved to 
the left a sufficient distance to shut off the steam from 
the left end and admit it to the right end of the cylinder, 
and the hollow of the valve will be in the correct posi- 
tion to allow the steam from the left end to escape 
through the exhaust. The motion of the piston is 
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transmitted to the crank by means of the piston-rod, 
cross-head, and a connecting-rod, and the heavy fly- 
wheel keeps up the motion until the force of the steam 
can be apphed on the return stroke. 

The crose-head, where the piston-rod and connect- 
ing-rod are joined together, in this case slides back and 
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forth over well-lubricated guides usually east integral 
with the engine frame. Fig. 39 shows a top view of a 
cross-head and guides exactly like those shown in Fig. 



It will be seen that the cross-head is forked to receive 
the end of the connecting-rod and that there are two 
"slippers" between the cross-head pin and the guides 
on either side of the connecting-rod. The guides are 
double so as to allow the connecting-rod to drop be- 
tween them on the return stroke. 

A cross-head and guides of this description can only 
be used on an engine that does not reverse, and which 
turns "over" and not "under" — -in which case the 
pressure on the guides will always be downward. 
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Side motion is prevented by means of lips on the 
cross-head which work on the inner vertical edges of 
the guides. In this case, motion is given to the slide- 
valve by means of an eccentric, rocker-arm, and valve- J 
rod. The eccentric is shown in Fig. 38 by dotted lines 
only. Its construction will be better understood after 
an examination of Fig. 40. It consists of a circular | 




Fig. 40 

disk, with its centre, a little to one side of that of the 
shaft to which it is keyed, connected to a rod by means 
of adjustable "straps" which fit over a projection on 
the edge of the disk — ^as shown at the right. i 

As the shaft revolves the eccentric disk is carried 
around with it and gives exactly the same motion to 
the rod as would be given by a short crank where the 
"throw" is equal to the distance between the centre 
of the shaft and the centre of the eccentric. 

An eccentric may be regarded as a greatly enlai^ed 
crank-pin, and it is used when it is desired to give a 
crank motion at some other point than at the end of 
a shaft. 

In Fig, 38 the rocker-arm gives a motion to the valve- 
rod exactly opposite to that of the eccentric-rod, but 
the proper motion is easily obtained by shnply keying 
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the eccentric to the shaft in an opposite position from 
what would be required for direct action. 

The Slide-Valve. Now, we come to a study of the 
most vital part of the engine — the slide-valve. In 
order to understand its operation the top view of the 
steam and exhaust parts, shown at A, Fig. 38, should 
be noted in connection with the sectional view of the 
same openings immediately below. 

The ports are made of this shape so that a slight 
motion of the valve will give a comparatively large 
opening. The face of the valve as well as the surface 
on which it slides must, of course, be a perfect plane, 
so as to insure a steam-tight joint. Fig. 41 shows 
a slide-valve in its mid- 
dle position. It will be 
noted that all the ports 
are covered, and that 
the outer edges of the 
valve lap over both 
steam ports a distance 
about equal to the width 
of the ports. This projection of the edge over the steam 
port, marked L in Fig. 41, is called the "lap" of the 
valve. 

Lap is necessary in order to have the valve open 
and close the steam-ports at the right time. Some- 
times there is a shght lap of the inner edges of the 
valve on very quick running engines, but none Is shown 
on Fig. 41, In order to understand the exact motion 
of the valve, we need to consider the motion that is 
given by the use of a crank. When a crank is near its 
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h^est and lowest positions, it will push or pull a rod 
much faster than when it is in a position nearly in line 
with the rod. An eccentric acts in exactly the same 
way, and there will be two points in every revolution 
of the shaft where the valve will move quite rapidly, 
and two points where it will move very slowly. This 
is taken advantage of by designing the valve so that it 
will open and close quickly, and will remain open or 
closed long enough to properly distribute the steam. 

It is of the greatest importance to have the eccentric 
keyed to the shaft at exactly the right angle with 
reference to the position of the crank of the engine. 
The two would be at right angles to each other except 
for the lap and "lead" of the valve which make it 
necessary to have the eccentric crank slightly in ad- 
vance of a right angle with the main crank, "Lead" 
is the opening which the motion of the valve produces 
before the piston begins to move in the direction of 
the motion of the valve. In Fig. 38, let us suppose 
that the piston has moved as far as it can to the right. 
The crank will then be in a horizontal position — to the 
right — and the connecting-rod will also be in a hori- 
zontal position ready for the back stroke. If the engine 
were at rest in this position, no amount of steam pres- 
sure on the piston would have any tendency to turn 
the crank, but the heavy fly-wheel keeps up the motion, 
caused by the previous stroke, and carries the crank 
past the horizontal position where the steam pressure 
can become effective in turning it. Whenever the 
crank of a horizontal engine is in a horizontal position, 
it is said to be on a "dead centre." This occurs twice 
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in every revolution, but the inertia of the fly-wheel 
prevents the engine from stopping at these points. 

Now, to retm-n to the valve, it must have moved 
from the position shown in Pig. 38 so as to be slightly 
open and ready to admit steam to the right end of the 
cylinder and in position to allow the steam to exhaust, 
from the left end of the cylinder. It will be in the op- 
posite position from that shown in Fig. 38, except that 
it will not be open quite so wide as there shown. For- 
tunately it is possible, by means of an eccentric, prop- 
erly placed, to give the valve a quick motion when 
the main crank is nearing the dead centres and thus 
to admit and release the steam at the right time. 

As the piston moves toward the left, with the full 
force of the steam behind it, the valve will move in the 
same direction for a time, thus holding the port open. 
But it would be a great waste of steam to keep the port 
open'dioring the full length of the stroke as it would 
not allow expansive use of the steam. The port 
should be closed and the steam "cut off" before the 
piston reaches the end of the stroke. The lap of the 
valve allows this to be done, as shown in Fig. 41, 
where the right-hand end of the valve may be sup- 
posed to have shut off the steam from that end of 
the cylinder without yet having opened the exhaust- 
port. Referring again to Fig. 41, and supposing the 
valve to be still moving toward the right — opposite 
to the motion of the piston — there will immediately 
be opened up a passage toward the exhaust-pipe and 
very soon the lap at the left end of the valve will have 
uncovered the left port and steam wiU be admitted to 
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the left end of the cylinder. These changes m the 
position of the valve will be made quickly while the 
piston is making the last small fraction of its stroke 
toward the left and everything will be ready for the 
stroke toward the right, as shown in Fig. 38. 

There is another reason why the valve should be 
opened slightly before the beginning of every stroke — 
or, rather, before the end of the previous stroke. The 
piston-rod, cross-head, and connecting-rod always move 
in the same direction as the piston, and must be 
brought to rest and started in the opposite direction 
twice in every revolution of the engine. By admitting 
steam a moment before the end of the stroke a "cush- 
ion" is produced which aids in bringing these moving 
parts to rest and raises the pressure for the beg innin g 
of the next stroke. 

It is truly remarkable how such a simple piece of 
mechanism as the slide-valve can be made to accom- 
plish so much as it does in admitting, cutting off, cush- 
ioning, and exhausting the steam from both ends of a 
steam-cylinder. 

It is a trained engineer's job, however, to design a 
valve and its "gear" so as to produce all these results, 
and to set the eccentric and adjust the length of the 
valve rod so that the valve will serve both ends of 
the cylinder equally well. 

In order that the motion of the slide-valve may be 
more thoroughly studied, it is suggested that the 
reader make tracings from Fig. 41 and experiment by 
moving the valve back and forth over the ports in 
the manner described above. The first tracing should 
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be made on a piece of paper about 4 inches square, 
including everything below the face of the valve, and 
only the dotted lines above. The second tracing should 
be of the valve only, on a narrow strip that will pass 
through slits cut in the first tracmg along the short 
vertical lines under A and B. 

Though the slide-valve Js a wonderfully useful 
appliance, there are objections to its use on large en- 
gines. One of the drawbacks is the great amount of 
friction that has to be overcome in movmg it back and 
forth over the ports with the heavy steam pressure on 
its back. Another objection is that steam cannot be 
cut off by it early enough in the stroke to get the best 
results in the way of using steam expansively. 

Modifications have been invented, however, which, 
in a measure, overcome both of these objections with- 
out greatly changing the form of the valve. These 
will be explained farther on. 

Fig. 39 shows a "plan," or top view, of an engine 
like that shown in "elevation" in Fig. 38, except that 
here the steam-chest is on the side of the cylinder 
instead of on top. This is, really, a more common and 
simple arrangement than that shown in Fig. 38, but it 
is not so easy, in this form, to study the relative motions 
of the crank and the valve-gearing. 

By placing the steam-chest and sUde-valve on one 
side of tlie cylinder, the rocker-arm is dispensed with 
and the valve rod and eccentric-rod are placed in hne 
with each other, with only a joint and slide between. 
The relative positions of the crank, eccentric, fiy-wheel, 
driving pulley, and bearings are plainly shown in 
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Fig. 39. Fig. 42 shows a simple guide for giving parallel 
motion to the connection between an eccentric-rod and 
a valve rod. 
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Fig. 43 shows a balanced slide-valve. In the top 
of the valve there is a ring of packing which works 
against a finished surface on the under side of the steam- 
chest cover. This prevents the steam pressure from 
acting on the back of the valve and makes it easy to 
move back and forth. 
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Fig. 43 

Sometimes a slide-valve is made in the form of a 
piston working in a small cylinder with grooves and 
openings corresponding to the ports of an ordinary 
valve and valve-seat. In such a case spring packing- 
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rings similar to those used on the piston of the engine 
are used to make steam-tight joints. Such a valve is 
rather complicated and difficult to manufacture. 

It has been stated that a plain sUde-valve cannot be 
made to cut off steam much earlier than three-quarter 
stroke, and that this is too late a cutoff for the most 
economical use of steam. Fig. 44 shows a device that 
is used to produce an earlier cut-off. There are two 
separate valves, one working on the back of the other, 
each operated by a separate eccentric. The main valve 
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operates like an ordinary slide-valve, except that it has 
a small lap and openings through the valve for con- 
troUing the passage of steam into the cylinder — instead 
of a mere edge. The upper or auxihary valve, which 
slides back and forth on the back of the main valve 
consists of a pair of blocks, mounted on a single valve- 
stem. The eccentric which operates the auxiliary 
valve is set so that it moves one of the blocks over 
the opening in the main valve when it is desired 
to cut off the steam — instead of depending on the lap 
of the main valve covering the steam-port on the re- 
turn movement. By the use of such a valve, steam 
can be cut off at one-third stroke, or earlier, without 
interfering with the exhaust. 
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The blocks are usually mounted on a rod with a right- 
hand screw-thread for one block and a left-hand thread 
for the other. By taking care to have the blocks in 
the same relative position with regard to the openings 
in the main valve, a turn of the rod in one direction will 
bring the blocks nearer together and a turn in the other 
direction will move them farther apart. In this way 
they can be adjusted as desired. Of course the surfaces 
must be accurately finished and some means be used 
to keep the auxiliary valve in its place. In a hori- 
zontal engine with the steam-chest on top, the mere 
weight of the blocks combined with the back pressure, 
will keep the auxiUary valve in position. 

The cross-head and guides, shown in Fig. 38 and 
Fig. 45, are of the simplest form, for the engine is not 
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reversible and turns over to the right. This causes 
a downward pressure at the cross-head which is taken 
care of by means of sUdes working in V-shaped guides 
on the under side only. 

Reversible engines require cross-heads similar to 
that shown in Fig. 46, with bearings at the top as well 



as at the bottom. The reason for this will be clear 
after a glance at Fig. 47. 

The upper diagram shows how the force exerted on 
the cross-head, through the piston-rod, is met by the 
resistance of the connecting-rod and crank, which tends 
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to push the cross-head down. When the crank is 
below and the piston-rod is puUing instead of push- 
ing on the cross-head the pressure will still be down- 
ward. 

The lower diagram shows what would occur were 
this engine reversed and made to turn toward the left. 
The tendency would then be to raise the cross-head 
both when the piston-rod is pushing and when it is 
pulling. 

A cross-head like that shown in Fig. 46 with ad- 
justable guides, both above and below, is well calculated 
for use on a reversible engine, or on one that turns only 
toward the left. 
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The Crank. Fig. 48 shows two views of an un- ] 
balanced engine crank like that shown in Fig. 38. 

It has been found, in practice, that the hub of such 
a crank should generally be twice the diameter of the 
shaft that it is to turn. The same rule applies to the t 
smaller end as compared with the diameter of the crank- 
pin. 

The crank should always be keyed very securely to 
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the shaft, for the whole power of the engine is exerted 
at this point, and tends to make the crank shp around 
the shaft. The crank-pin has an enlarged end to pre- 
vent the connecting-rod from coming off. The ad- 
justment for wear is always made on the connecting- 
rod. When an engine works rapidly there is a ten- 
dency for the crank and connecting-rod to swing away 
from the centre of the shaft, due to centrifugal force. 
This tendency is counteracted by means of a counter- 
balance placed opposite the crank. In such cases it 
is a common practice to use a disk weighted on the side 
opposite the crank-pin, as shown in Fig. 49. Here the 
disk has a plane front and is reinforced on the back, 
as indicated by the dotted lines. 
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Counter-weights are always prominent features of 
locomotive driving-wheels, where the movement is rapid 
and the connecting-rods and parallel-rods are heavy. 

The Double Crank. Whenever it is necessary to 
have a crank midway on a shaft, instead of at the end, 
a form like that shown in Fig. 50 is used — or rather, 
like one-half of what is shown in Fig. 50, for here two 
double cranks are shown opposite to each other. 
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Such cranks are much used on marine engines. It 
will be seen that each one of these cranks is made up 
of two like that shown in Fig. 48 — placed one opposite 
the other and having a single crank-pin. 

Small cranks of this description are often shaped out 
of the same piece of metal that the shaft is made from 
— ^in other words, they are made integral with the 
shaft. 

Crank-shafts for automobiles, where there are some- 
times as many as eight cylinders, are usually made 
from steel drop forgings of appropriate shape. The 
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making of a craiik-shaft and its necessary "journals" 
involves a lai^e amount of accurate machine work. 

CoNNECTiNG-RoDS. Not only is it necessary to keep I 
all the moving parts of an engine well lubricated, but I 
there must be provision for accurate adjustment and ^ 
for taking up wear at all important connections. This i 
is particularly true of the connecting-rod bearli^s by ' 
means of which the force of the engine is transmitted ' 
from the piston-rod to the crank-pin. Not only is 
there a great deal of movement at these bearings, but 
the parts must be strong enough to withstand the full 
force of the engine. 

Fig. 51 shows the common form of a connecting-rod 
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end for use on a crank like that shown in Figs. 38 and 
48. The rod here terminates in a square flat end 
against which rests a bushing made of composition 
metal in two parts which grasp the crank-pin and are 
held in place by means of a heavy "strap" of steel 
which draws the two parts of the bushing together and 
seciu-es them to the connectmg-rod. The strap is fast- 
ened to the connecting-rod by means of a 
pin and two "cotters" which pass through the mortises 



edge-shaped ^M 
the mortises ^| 
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in the eonneeting-rod and strap. The cotters are put 
in first, and then the pin is inserted. This holds all 
parts firmly together. 

A little study of the two views shown in Fig. 51 wUl 
make the construction clear. It will be noted that the 
two parts of the bushing do not touch each other. 
Whenever wear occurs a slight tap on the pin will 
draw the strap to the right and bring the left-hand 
bushing snug against the crank-pin. Sometimes the 
cotter-pin has a projection which engages with a screw- 
thread, by means of which it can be moved more ac- 
curately than by a stroke of a hammer. The oval 
opening through the rod near the bushing is only for 
the purpose of Ughtening the rod. 

Fig. 52 shows three other forms of connecting-rod 




Fig. 52 



ends. The middle one is much used on double cranks, 
where end adjustment is necessary. It consists of a 
heavy moulded bushing in two parts held together, and 
to the connecting-rod, by means of heavy bolts which 
also pass through a steel plate at the outer end. Here 
the eonnecting-rod proper ends in a T with holes for 
the bolts. 
At the left and right, Fig. 52, are shown two simple 
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forms of connecting-rod ends that are used on valve 
connections, and other places, where there ia not much 
power transmitted and comparatively little wear. In 
both cases bushings are inserted in openings cut out 
of the solid rod, and adjustments are made by means 
of bolts and nuts. In the one shown at the left, a 
short wedge is drawn against the bushing by means of 
a screw. In the one at the right the adjustment is 
made by means of a "split" in one side of the opening 
in the rod. 
Fig. 53 shows a forked connecting-rod such as is 




Fig. 53 
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often used on engine and valve connections— especially 
in marine work. The bushings and adjustments are 
doubled, in this case, but are not necessarily of the exact 
form shown in Fig, 53. 

It must be clear that all pieces of mechanism of the 
kind shown in Figs. 51, 52, and 53 must be very ac- 
curately fitted in order to prevent the different parts 
from moving out of place under the heavy strains that 
they are subjected to. 
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Pillow-Blocks. The main bearings of an engine 
shaft are very important. They should be constructed 
with reference not only to the power which is to be 
transmitted, but also to the weight of the fly-wheel and 
other heavy parts which they must carry. The bear- 
ing next the crank is generally fLmily attached to the 
engine-frame — or else made a part of it. This bearing 
must withstand the heavy push and pull of the engine 
and is generally made on a slant so that the heavy 
thrust and pull of the connecting-rod will be opposed 
by the body of the bearing and not by the joint between 
the bearing and cap. 

Pig. 54 allows a common form of bearing for the 



outer end of an engine shaft. 




It is called a pillow-block, 
and it is made up of 
two parts each of which 
carries a bushing next 
the shaft, as shown in 
the half section. Some- 
times the bushing is of 
solid composition, in- 
serted as shown, and 
sometimes it is a mere 
film of Babbitt metal cast around the shaft while the 
latter is held in exact position by temporary supports. 
A little space is always left between the main bearing 
and the cap so that any wear may be taken up by 
screwing down the bolts that hold the cap in place. 
Pillow-blocks and engine-frames are usually placed on 
heavy concrete foundations, and held in place by 
f long rods imbedded in the concrete. 



Fig. 54 
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Fig, 55 shows a section of a "thrust^bearing," such 
as is used to support shafts of screw-propellers. Solid 
collars are turned on the 
shaft and the thrust is 
divided between them. 

The thrust-blocks on 
ocean liners are often very 
massive affairs — ^8 or 10 
feet long, with passages 
both in the main bearing 
and in the cap through which water is constantly 
pumped to keep the bearing cool. 

The Link Motion. To return again to the subject 
of valve-gearing, let us suppose that it is desirable to 
reverse the motion of the engine, as must often be done 
in the case of a locomotive or a marine engine. This 
can be done by reversing the motion of the slide-valve, 
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and the devi.ce in most common use for this purpose is 
the "link motion," shown in Fig. 56. It consists of a 
curved hnk of steel having an eccentric connected with 
each end and carrying a block attached to the end of 
the valve rod. One eccentric is set for running for- 
ward and the other for running backward. The link 
is suspended on a system of levers by means of which 
the engineer can raise or lower the link so as to bring 
either eccentric-rod in line with the valve rod — ac- 
cording as he may desire to have the engine run for- 
ward or backward. In the position shown in Fig. 56 
the same motion is given to' the valve rod as though 
there were but one eccentric, which we will suppose is 
properly set for running the engine forward. 

The other end of the link will be moved back and 
forth without materially affecting the motion of the 
valve. Now suppose the engineer desires to reverse his 
engine. He merely has to shift his levers so that the 
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link is raised and tlie lower eccentric-rod brought in line 
with the valve rod. AVhen this is done the upper eccen- 
tric is put out of use and the lower one gives the correct 
motion to the valve for running in the opposite direc- 
tion. The bloclc attached to the valve rod is fitted 
loosely so that it will slide easily in the link. There is 
a slight up-and-down motion to the link due to its 
method of suspension, but not enough to materially 
affect the motion of the valve. Fig. 57 shows a link 
motion in neutral position. While the link is held in 
tills position the engine can neither go forward nor 
backward. There are, however, points between the 
neutral position and either ex- 
treme position where the link 
may be held, and a motion given 
to the valve which will produce 
an earher cut-off than the ex- 
treme position. This "hooking- 
up" process is 
often employed to 
save steam on loco- 
motives when full 
power is not re- 
quired. Fig. 58 
shows a shifting- 
lever for a link 
motion such as is 
used on locomo- 
tives. Other forms of reversing-gears will be ex- 
plained under the subject of the locomotive. 

Pistons. There is no part of an engine more un- 
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portant than the piston, It receives the direct pressure 
of the steam and transmits it to the other working parts. 
It is very important to have it work steam-tight-— or 
as nearly so as possible. For this purpose packing- 
rings, of slightly larger diameter than the pi.ston and 
cut diagonally across in one or more places, are sprung 
into grooves in the edge of the piston as shown in 
Fig. 59. These rings spring outward and make the 




Fig. 59 



Fig. 60 



joint between the piston and cylinder very nearly, if 
not quite, steam-tight. Two or more rings are used 
80 that any small amount of steam that may leak past 
one may be stopped by another. Various forms of 
packing-rings are used, some of which are more effective 
than others. 

Fig. 59 shows an ordinary cast-iron piston, such as 
is used on small engines. The end of the piston-rod 
is tapered and drawn into a hole of corresponding taper, 
by means of a nut and screw-thread. The nut gen- 
erally rests in a recess so that the piston may move to 
the end of the cylinder. 
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Fig. 60 shows a form of piston used in lai^e engines. 
It is made up of a solid ring, which carries the packing, 
and a dome-shaped plate of steel attached to the piston- 
rod. Here the nut cannot well be concealed, so a re- 
cess is made in the cyhnder cover to receive it. A pis- 
ton of this description is much lighter, for a given diam- 
eter, than the kind shown in Fig. 59. 

Stuffing-Boxes. Fig. 61 shows a common "stuf- 
fing-box" for preventing leakage around a piston-rod. 
It consists of two 
parts. An enlarged 
opening at the point 
where the piston-rod 
passes through the 
cyhnder-head and a 
flanged " gland " which 
fits loosely over the 
piston-rod and into the 
opening. The gland is 
forced into the opening 
by means of stud-bolts 
and nuts, and well-oiled cotton packing is thereby 
squeezed into place so as to make the joint around the 
rod steam-tight. 

This method of packing piston-rods has been prac- 
tised since the time of Watt. Engines that use high- 
pressure superheated steam are generally packed with 
metal rings similar to those used on pistons. 

Vertical Engines. Fig. 62 shows one of the sim- 
plest forms of the vertical engine. Direct-acting ver- 
tical engines take up little room, and, for many pur- 
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poses such as marine 
work, they are to be 
preferred to any other 
type. The one shown 
in Fig. 62 has a link- 
motion and can be run 
either right or left 
handed. There is not 
much room for a fly- 
wheel, in this case, on 
aecountof the shaft be- 
ing so near the bottom ; 
but in marine work 
fly-wheels are gener- 
ally dispensed with en- 
tirely. Massive cast- 
iron frames are often 
used for vertical en- 
gines; the cylinders of 
marine engines are _ 
usually supported on 
well-braced heavy steel 
rods. 

Governors. In Fig. 62 an important adjunct to the" 
steam-engine is shown that has not yet been described, 
namely, the "governor." Wherever the load on an 
engine varies greatly, as it does in mill and factory work, 
governors are necessary to regulate the supply of steam, 
so as to keep the engine from slowing down when the 
load is heavy and to keep it from running wild when tlie 
load lightens. Fig. 63 shows the construction of a 
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common governor. There are two iron balls each of 
which is attached to a short lever pivoted to a revolving 
part. The upper end of each 
lever ends in a knob-like head 
which engages with a groove 
on a spool-shaped projection 
near the top of a light spin- 
dle. The balls and spindle 
are made to revolve by means 
of a set of small bevel gears, 
one of which is attached to a 
short horizontal shaft carry- 
ing a small pulley near the , 
lower end of the spindle. On 
a prolongation of the vertical 
spindle, which does not re- 
volve, are two conical valves controlling openings from 
the steam supply to the engine. The pulley on the 
horizontal shaft is connected with another puUey on 
the engine shaft by means of a belt. Motion is thus 
conununicated to the balls. Whenever the engine 
slows down, because of excessive load, the balls, which 
have been raised as they revolved by the action of cen- 
trifugal force, drop a little. This raises the valve-stem 
and opens a wider passage for the steam and the engine 
"picks up" to carry the extra load. If the engine 
starts to run too fast, due to a hght load, the I 
fly out, the valve-stem is pushed down, and the s 
passage is narrowed. By thus controlling the admission 
of the steam to the cylinder the speed of the engine is 
kept nearly uniform under varying loads — except in 
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cases where the load is too hea^vy for the engine to 
cany. 

CoRUSS Engines. During the latter part of the 
last century a tj-pe of engine was developed by Mr. 
George H. Corliss, an American, which is much used 
for driving factories, and other large plants, where 
variable loads are carried, and where economy of fuel 
is an important consideration, 

Corliss engines are now built by many different manu- 
facturers and vary somewhat in detail, but the main 
features are essentially the same iu all. 

The Corliss valve is a distinctive feature, which calls 
for special explanation. It^ construction and the 
method of its control are 
different from anything 
yet described. Fig. 64 
shows cross-sections of 
valves of the Corliss 
type. The one at the 
right is an admission- 
valve, and the one at 
the left an exhaust- 
valve. Fig. 65 shows 
a general view of an 
admission -valve in its 
"housing" at one end of the steam-chest, which is usu- 
ally at the top and of the same length as the cylinder. 

The valves are located as close to the ends of the 
cylinder as possible and are of about the same length 
as the diameter of the piston. They rotate about axes 
at right angles to the axis of the cylinder and each valve 
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opens and closes a single port. The admission-valve, 
as will be seen by Figs. 64 and 65, may be described as a 
bar rotating about one of its edges, while the other edge 
opens and closes the steam passage. The working 
edge of the valve is segmental in shape and fits very 




Fig. 65 



accurately a housing, of corresponding shape, which 
connects with the cylinder by means of a long narrow 
port. One side of the housing connects directly with 
the steam-chest. The bar-shaped valve has cylin- 
drical ends which fit into corresponding shapes at the 
ends of the housing, and the whole is rotated by means 
of a short lever-arm on the outside. 

The exhaust-valves are on the side opposite the ad- 
mission-valves— usually at the bottom of the cylinder — 
and, though different in cross-section, operate in the 
same way. 

The admission-valve shown in the figures is open, and 
it can easily be seen that a slight rotation would com- 
pletely close the port. The exhaust-valve shown at 
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the left, Fig. 64, is closed. If turned slightly toward 
the left, as indicated by the dotted lines, the port would 
be opened. 
The Corliss Valve-Geah. Fig. 66 shows a Corliss 




Fig. 66 



cylinder, fitted with valves, and the general arrange- 
ment of the controlling mechaniBm, 

The outside of the cylinder takes the form of an ob- 
long box of nearly square cross-section, because of the 
long and wide steam-chest, at the top, and a correspond- 
ing exhaust passage, at the bottom of the cylinder. 
Steam-chest, valves, steam passages, and cylinder are 
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usually enclosed by wooden lagging which conceals the 
divisions between the various parts. The cylinders 
are usually completely steam-jacketed. This, together 
with the wooden lading, prevents radiation and keeps 
the working parts always hot. 

Motion is given to the valves by means of a single 
eccentric working a rocker-ann, which, in turn, is con- 
nected with an oscillating disk, or wrist-plate, on one 
side of the cylinder. The oscillating disk is connected 
with each of the four valves by means of rods and lever- 
arms. 

The action of the exhuast-valvesj at the bottom, ia 
very simple; they are made to rotate back and forth 
over the ports by direct connection, as shown. 

The action of the admission-valves is more compli- 
cated, but a httle study of Figs. 65, 67, and 68 in con- 
nection with Fig. 66, will, we trust, make everything 
clear. 

The admission-valves are not only moved by the 
eccentric and disk connections, but their release for the 
cut-off is controlled by the governor by means of a 
somewhat complicated piece of mechanism. 

Figs. 67 and 68 show the usual mechanism attached 
to the admission-valve stems. There is first, a crank 
arm connected with the valve-stem which carries a 
cubical block on the inside and a vertical rod leading 
to a "dash-pot" which will be described later. F^. 
65 shows this part of the mechanism with other parts 
removed. Fig. 67 shows this crank arm in dotted Unes, 
only, so as not to conceal the parts behmd it. Fig. 
68 shows the crank arm in the position it takes when 
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the valve is closed. This crank arm is, of course, 
firmly keyed to the valve-stem. On the valve-stem 
are two other crank arms, fitting loosely. One of these 




Fig. 67 



is in the form of a "bell-crank" with two arms at right 
angles, one of which is connected with the oscillating 
disk by means of a rod. The other arm of this bell- 
erajik carries a two-armed hook which has a slight 




Fig. 68 



motion, about a pin, which is controlled by a spring. 
The hooked end, of the last mentioned piece, carries a 
small square-edged piece of steel— black in the figure — 
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which hooks over the block on the valve crank. The 
other end of the hooking device runs back at an angle 
toward the valve-stem where it engages with cams on 
the hub of still another crank arm which is connected 
by a pod to a three-armed lever operated by the gover- 
nor. The largest bell-crank, carr3Tng the hook, os- 
cillates regularly with the motion of the wrist-plate, 
and carries the hook up and down with it. Fig. 67 
shows these parts in one position and Fig. 68 in another. 
The crank arm carrying the cams — shown in black- — 
moves only sUghtly back and forth under the control 
of the governor; as it does so the positions of the cams 
are slightly changed. Every time the hook reaches its 
lowest position, it engages the block on the valve lever- 
arm and raises it. This opens the valve and admits 
steam to that end of the cylinder. As the hook rises, 
carrying the valve lever-arm with it, the arm con- 
nected with the hook finally engages with the cam. 
This throws the hook out, the valve crank arm is 
then quickly drawn down by the action of the "dash- 
pot," and the steam is shut off. 

It can readily be seen that the cut-off Is controlled 
by the position of the cam; and the position of the cam 
is varied by the governor according as the engine needs 
more or less steam to carry its load. 

If the engine slows down at all, on account of a heavy 
load, the governor-balls fall a Uttle; this lowers the 
weighted arm of the three-arm lever, Fig. 66, while the 
other two arms, operating through the rods, move the 
cam levers to positions that allow the hooks to rise a 
little higher before being released. This simply means 
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that the admission-valve is held open a little longer and 
more steam is admitted to carry the load. In other 
words, the cut-off occurs later in the stroke and the 
engine produces more power, but uses more steam. 

In case the load is suddenly Ughtened and the engine 
begins to run too fast, the governor-balls fly out; the 
weighted arm is raised; the cams are moved into a 
position which will release the hook earher in the stroke; 
less steam is admitted and the engine slows down. It 
will be seen that both of the admission-valves are con- 
trolled by the governor at the same time. This method 
of controlling the speed of the engine, under varjong 
loads, by changing the point of cut-off, is an improve- 
ment on the method by which the common governor 
merely throttles the steam in the steam supply pipe. 
It is much more sensitive and efficient. 

Dash-Pots. Whenever the admission-valves are re- 
leased, it is desirable to have them close quickly, and 
then come to rest without shock. Both of these ob- 
jects are attained by means of a dash-pot of peculiar 
construction. Fig. 66 shows a dash-pot, on the floor 
level, at each end of the cylinder. Fig. 69 shows the 
construction of a common form of this device. It con- 
sists of a short, double cylinder, resting on a sohd 
foundation, and a piston of corresponding shape which 
has a vertical movement of a few inches only. The 
fixed cylinder has a raised central portion which acts 
like a piston in a corresponding part of the movable 
piece. These parts are so carefully fitted that a few 
drops of oil, on the rubbing surfaces, make the parts 
work practically air-tight. A curved cover keeps dust 
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and dirt from getting inside. Attached to the movable 
part is a vertical rod of adjustable length, shown in 
Fig. 66, connecting it with the lever-arm of the valve 
rod above. As the hook engages with the block on 
the valve lever, the movable part of the dash-pot is 




raised, and a partial vacuum is created in the space 
below the piston, and in the space at the top as well. 
This brings a heavy pull on the rod, caused by atmos- 
pheric pressure; and the moment the hook is released 
the valve is given a quick closing movement. 

Near the bottom of the fixed part there is a very 
small opening controlled by a thumb-screw by means of 
which a small amount of air is drawn into the partial 
vacuum in the lower compartment. 

When the movable part is suddenly drawn back this 
air forms a cushion which prevents the two metal parts 
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from striking each other, and brings the moving part 
to rest, without shock. 

Sometimes two CorUss cylinders are placed "tan- 
dem"; that is to say, what is practically a single pis- 
ton-rod passes through both cyhnders and transmits 
the thrust and pull of the two pistons. 

At the upper left-hand comer of Fig. 66, is shown an 
end view of a Corliss cylinder and steam-chest, without 
the usual attachments. 

CoMPOTjND Engines. Something has already been 
said about the advantage to be gained by using steam 
expansively. Watt understood this and his later en- 
gines were designed to cut off the steam supply some 
time before the end of the stroke. We have seen that 
common slide-valve engines can be adjusted to cut off 
steam at three-quarters stroke, and that the Meyer 
valve allows of a much earlier cut-off. But there is a 
practical limit to the expansive use of steam in a single 
cylinder. 

When steam is made to do work by its expansive 
force, like driving a piston, it is cooled as a consequence. 
The cylinder walls are cooled at the same time. The 
supply of steam for the next stroke must, then, lose a 
certain amount of its heat on entering the partially 
cooled cylinder, before it can do any work; and this 
loss of heat is an absolute waste. The steam-engine 
can only produce power as it converts the heat of the 
steam into moving force, and all the heat that escapes 
with the exhaust together with that employed in re- 
heating the cyUnder is, of course, absolutely wasted. 

A knowledge of these facts has led engine designers 
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to seek some way of utilizing a greater proportion of the 
heat of the steam. A long step in advance was taken 
when it occurred to some one to use the steam that 
was exhausted from one high-pressure cylinder in a 
second cylinder coupled up with the same shaft as the 
first. 

This arrangement is called a compound engine and 
its principle may be studied with the aid of Fig. 70. 

At the left, is shown a high-pressxire cylinder which 
takes steam directly from the boiler and uses it ex- 
pansively through, say, the last one- 
third of its stroke. When the piston 
has completed its stroke, this steam is 

T^ __ __ exhausted into a receiver shown be- 
■ ■ tween the two cylinders. This re- 
ceiver may be merely an enlarged 
steam-ehest for a second cylinder — 
larger than the first— which now takes 
the partially expanded steam, and 
uses it expansively through an entire 
stroke. Here, each cylinder remains at practically the 
same temperature as the steam which enters it, and the 
first will be much hotter than the second. The second 
cylinder is made larger than the first for the reason that 
the steam increases in volume as it moves on and the 
second cylinder must be properly proportioned to use 
all the steam that comes from the first cylinder. The 
cyhnders of a compound engine may be so proportioned 
as to divide equally the energy of the steam between 
the two. It is the usual practice to use piston-rods 
and connecting-rods of the same size for both cylinders. 



Fig. 70 
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Connection may be made with two cranks, either op- 
posite or at an angle of ninety degrees with each other. 

There will still be a good deal of heat left in the steam 
after it has escaped from the second cylinder, and it 
may be used again in a third, and still larger cylinder. 
Where steam is used in three cylinders the engine is 
called a triple expansion-engine. Sometimes, even a 
fourth cylinder is added, and such an engine is called a 
quadruple expansion-engine. 

It has been found in practice that it does not pay to 
use more than four cylinders; and seldom does it pay 
to use more than three, for the extra weight of the parts 
consumes power and more than offsets the gain when 
too many cylinders are used. Sometimes four cylin- 
ders are used on triple expansion-engmes. That is to 
say, instead of a third enormously large cylinder, two 
cyhnders of equal size and but little larger than the 
second cylinder are used for the third expansion. A 
well-designed triple expansion-engine, exhausting into 
a condenser, will develop several times as much power 
as a single-cylinder engine exhausting into the open 



Condensers. The condenser was one of the most 
important features of Watt's engine; and Newcomen, 
before the time of Watt, as we have seen, depended 
entirely on the principle of the condenser for producing 
a condition which allowed the pressure of the atmos- 
phere to become effective. 

After the time of Watt, simple high-pressure engines 
were developed that did not need condensers to make 
them operate; but such engines are wasteful of steam 
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and fuel. The best engineers have always held to 
Watt's principle of utilizing a vacuum, and have recog- 
nized the condenser as a valuable auxiliary to the steam- 
engine. 

Condensers are of two kinds. One, in which the 
condensing water and the condensed steam are mixed 
together, is called a jet condenser; the other, where the 
condensing water and condensed steam are separated, 
is called a surface condenser. 
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Fig. 71 



In the jet condenser, see Fig. 71, the steam meets a 
jet of cold water aa it comes from the exhaust of the 
engine. 

The water from the condensed steam and that from 
the jet fall together to the bottom of the condenser 
where there is a pump that removes it, together with 
any air that may have entered with the jet — or other- 
wise. Sometimes this pump is operated directly by 
steam, as shown in Fig. 71, and sometimes it is operated 
by a lever connected with the cross-head of the engine — 
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or with one of the cross-heads in the case of a compound 
engine. It may occur to the reader that the power that 
is required to operate the air-pump, as it is called, must 
be subtracted from the total power of the engine 
before the effective power can be determined. Fortu- 
nately it takes but a small fraction of the power that is 
gained by the use of the condenser to operate the air- 
pump fio there is a large gain by its use. Condensers 
are seldom used at the present day in connection with 
single-cylinder engines, for it has been found more 
economical to generate steam at moderately high pres- 
sure and to expand it through two or more cylinders, 
the last one of which is connected with a condenser. 

Compound engines may exhaust into the open air — 
as they do in the case of the compound locomotive — but 
whenever it is possible to use condensers they are con- 
sidered an almost necessary adjunct to the compound 
multiple expansion-engine. 

In marine work, where there is always a good supply 
of water, condensers are nearly always used. Boats 
operating in fresh water, where the boiler supply can 
be drawn directly from the condenser, generally use the 
jet variety; but boats operating on salt water are 
obliged to use surface condensers, because the salt 
water used for cooling cannot be mixed with the fresh 
water from the condensed steam without injuring the 
boilers. 

Fig. 72 shows the construction of a surface con- 
denser. It consists of a closed vessel through which 
pass a great number of small copper tubes. Cold water 
ifi constantly being pumped througii the tubes while the 
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exhaust steam from the engine is discharged against 
the outside of them. The cold sm^aces of the copper 

tubes immediately condense the steam, and the water 
that is thus fonned in the bottom of the condenser is 
removed, together with any air that may have en- 
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tered, by means of a pump, as in the case of the jet 
condenser. The water of condensation is all returned 
to the boiler, and, inasmuch as it results from the con- 
densation of all the steam that has been used to operate 
the engine, it supplies nearly all the feed water needed. 

There is always some loss, however, from boilers 
blowing off and from leakage, so a small supply of 
fresh water has to be kept on board steamers for mak- 
ing up any loss, 

In reciprocating engines, some oU always passes 
into the condenser with the exhaust steam; and it is 
generally necessary to pass the water of condensation 
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through a "separator" before pumping it back into 
the boiler. 

A perfect vacuum is never produced by even the best 
condensers, but a very near approach to a vacuum is 
obtained in the best marine practice. From twelve to 
fourteen pounds, of additional effective pressure, is 
usually obtained by the use of modem condensers. 

In locomotive practice it is found difficult to carry 
about the large amount of cold water needed for operat- 
ing a condenser; so high-pressure steam — ^sometimes 
with expansion through two cylinders— is employed, 
exhausting directly into the open air. 



CHAPTER V 
THE LOCOMOTIVE 

After Watt had succeeded in making a practical 
success of the steam-engine, attempts were made to 
apply it to the driving of various kinds of vehicles. 
M. Gugnot, a Frenchman, succeeded as early as 1769 
in constructing a steam-truck for drawing artillery on 
military roads, but it did not prove to be of much 
practical use. Thirty-five years later an Englishman 
named Richard Trevithick built a locomotive that ran 
on rails. Soon afterward, he built a tramway in London 
on which he ran his steam-motors at the rate of about 
twelve miles per hour. 

People were beginning to realize that the steam-en- 
gine could be apphed to the driving of vehicles on rails 
that were level — or nearly so^ — but it was not until some 
time afterward that this method of propulsion was 
proven to be superior to horses, in practical operation. 

About this time George Stephenson, in England, took 
hold of the problem in earnest. In 1823 he buUt the 
"Locomotion," which was quite an advance over all 
previous attempts to produce a self-propelling vehicle. 
But even this was soon discarded in favor of horses, 
for passenger traffic. 

Soon after this Stephenson was appointed engineer 
of a tramway which was operated between Liverpool 
and Manchester, and he finally succeeded in persuad- 
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are near the front — just the reverse of the arrangement 
to-day. This arrai^ement naturally suggested itself 
to the early builders, for it brought the main working 
parts near the "footboard," where the engineer and Ms 
helper were stationed. If the driving-gear were turned 
around, a wide flaring smoke-stack shown in place of 
the one in the figure and another pair of driving-wheels 
added, the general appearance would be much like the 
locomotives used in the United States in the time of 
Abraham Lincoln. 

The Rocket had a boiler only 6 feet long, but there 
was a small internal fire-box at the back end connected 
by tubes with a smoke-box in front — like the arrange- 
ment to-day. The valve-gear was very crude and the 
ei^ne was not reversible. There were springs between 
the frame and the driving-axles, and the exhaust-pipe 
was carried along the top of the boiler and connected 
with the smoke-stack. 

The weight of the engine was four and a half tons — 
about one-fortieUi of the weight of a modem freight 
locomotive. 

The great number of improvements that have been 
made in the locomotive since the day of the Rocket 
have been gradually brought about, as suggestions have 
come one at a time to the minds of the builders, to 
meet the demands of service. 

One of the first necessities was a means of reversing 
the engine, and this problem was solved by the adop- 
tion of the link motion already described. The Ste- 
phenson link motion shown in Fig. 56 was first used 
on one of Stephenson's locomotives, but it is said to 
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have been the invention of one of Stephenson's assist- 
ants named Howe. 

This was a great improvement, for it not only enabled 
the engineer to run his engine backward, when neces- 
sary, but made it passible for him to vary the cut-off 
and save steam when less than the full power of the 
engine was required. 

Without attempting to trace other improvements in 
the order of their adoption, let us now study the 
features of the modem locomotive. Fig. 74 shows a 
modern locomotive, such as is used for passenger 
traffic in the United States. The boiler is of the kind 
shown in Fig. 25, but the details and proportions are 
shghtly different. The fire-box is large and placed be- 
hind the driving-wheels. There is a small steam-dome, 
for the safety-valve and whistle, as well as a larger one 
for the main steam supply. There is a four-wheeled 
truck at the front and a "pony truck" under the fire- 
box. There are springs between the frame and the 
axles connected with equahzing levers to be later de- 
scribed. 

Piston valves, with inside admission, are operated by 
means of an improved form of the Walchaert valve-gear. 
Air-brakes are provided for all the drivers and the 
pony truck, and all devices are under the control of 
the engineer in the "cab." 

The standard raUroad gauge, 4 feet BH inches, was 
adopted at an early date so that cars could be inter- 
changed between different roads. Tunnels and bridges 
were made to correspond and it was afterward found 
impractical to change, though it was found more and 



more difficult to adapt the proportions of locomotives 
of increasing weight to the same gauge as the four and 
a half ton Rocket. Fire-boxes were originally placed 
between the driving-wheels and frames, which limited 
their width to somethmg less than fom" feet. This 
width was found to be entirely inadequate for large 
locomotives, burning bituminous coal; and the boilers 
had to be placed higher so that the fire-box could be 
placed entirely above the frame and either above or 
behind the driving-wheels. 
Grates and Ash-Pans. Fig. 75 shows a modern 
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locomotive grate and ash-pan. The grate-bars are 
hung on journals at each end and have short lever-arms 
that attach to a shaking device controlled from the 
cab. In front and behind the grate-bars there are 
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plates that can be dropped down whenever it is neces- 
sary to draw the fire. The ash-pan is humped up in 
the middle to make room for the pony-truck axle. 
Two hinged bottoms are arranged for dumping ashes 
and clinkers when necessary. 

The Abtificial Draft. When the locomotive is 
under way, a strong draft is produced bj' an exhaust- 
pipe, Fig. 76, which takes the exhaust steam from both 
cylinders and discharges it in the smoke- 
box directly under the short smoke- 
stack. Exhaust-pipes are generally pro- 
vided with movable nozzles, with differ- 
ent sized openings, so that the blast may 
be regulated as needed. Modem smoke- 
stacks, steam-domes, and other acces- 
sories that are carried above the line of 
the top of the boiler are much smaller 
in proportion than on the earher engines 
for the reason that there is much less 
room between the tops of the big boilers 
and the roofs of tunnels and bridges 
than formerly. 
The Frame and Springs. A very 
important part of a locomotive — though inconspicuous 
in the general view— is the frame. 

The boiler, cylinders, and fixed points in the valve 
mechanism are all firmly attached to the frame, but 
the driving-wheels and other running gear are con- 
nected with it through the medium of springs as in car- 
riages and automobiles. Fig. 77 shows the main por- 
tion of a locomotive frame, made of very heavy steel 
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bars. The single bar at the right is attached to the 
front end of the boiler by means of cross-braces and 
heavy castings at the base of the smoke-box. The 
cylinder casting is attached to the end of this bar. 
The other part of the frame carries a set of vertical jaws 



for each driving-axle, as shown, and is attached to the 
single bar by means of bolts and cotters. Each jaw- 
has one vertical and one slanting leg, so that the driv- 
ing-blocks may be adjusted laterally. 

Driving-Blocks. Fig. 78 shows the details of a 
driving-block. It consists of a heavy castmg with a 
bushing, to receive the driving-shaft 
journal, and an "oil-cellar" below 
the bushing. The weight of the 
boiler makes a bushing at the bot- 
tom unnecessary. The oil-cellar is 
removable and is kept full of oil : 
and waste for lubricating the journal. 
There are grooves at the right and 
left which fit into the jaws of the 
frame, and recesses at the top for receiving the "fork" 
which passes on both sides of the frame and supports 
the spring as shown at A, Fig. 79. 
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A wedge, adjusted by means of a screw, is fitted be- 
tween one side of the bearing-block and the sloping 
leg of the frame. Fig. 79 shows the bearing-blocks in 
position and the manner of attaching them to the 
springs. The springs for all the drivers are connected 




together by means of equalizing bars and hangers, so 

that any wheel may pass over an obstruction without 
very much affecting the general balance of the loco- 
motive. The wheels attached to any one axle may be 
raised an inch or two, so that the flanges no longer 
tend to keep them on the track, without danger of the 
locomotive being derailed so long as the other wheels 
are in proper position. The bearing-blocks are, of 
course, adjusted so as to move slightly up and down 
without any side play. Spanners are used to keep the 
frame legs from spreading. The pony-truck springs 
are connected by means of equaUzing bars with 
the springs over the driving-axles. The back end of 
the boiler is fastened rigidly to the frame by means of 
cross-braces, and the general effect of all the supports 
between the locomotive and its running gear is similar 
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to the "three-point suspension" employed on automo- 
biles. It allows of a considerable amount of flexibility, 
both vertically and horizontally. 

TiHES. The driving-wheels of a locomotive are 
usually of cast iron, but a heavy flanged steel tire is 
used next to the rail. Fig. 80 shows a section of a 
locomotive tire. 

It will be noted that the "tread" is sUghtly conical, 




and that the flange is only about an inch deep with a 
reversed curve between it and the "tread." It is a 
marvel to many that such a small flange can be de- 
pended upon to keep the great locomotive on the track, 
but it should be borne in mind that the springs and 
equalizing bars tend to keep other sets of wheels 
even more firmly in place whenever any one of them 
is raised by an obstruction— so long as they are not 
all raised at once, which only a very large obstruction 
could cause. 



112 



THE STORY OF THE ENGINE 



The conical tread is useful in going around curves. 
There is an inch or more of side play between the flanges 
and the rails. And whenever the wheels strike a curve 
there is a tendency for the flanges to "hug" the outer 
rail, due to centrifugal force. This brings the lai^est 
diameter of the conical tire over the outer rail and the 
smaller diameter, of the opposite wheel, over the inner 
rail; the outer rail is longer than the inner one, and 
slipping is thus prevented. 

So much for the running gear. Now let us examine 
the more vital parts of the engine. 

Cylinders and Valves. Most locomotives are 
equipped with simple high-pressure cylinders, not much 
different from those used in the stationary engine, 
shown in Fig. 38. 

Cylindrical slide-valves are, however, more com- 
monly used on modem locomotives than the simple 
D-valve, and the cylinder castings are rather com- 
plicated. Fig, 81 shows an enlarged view of the two 
cylinders, the valve-chests and the steam passages. It 
also shows the method of fastening the cylinder cast- 
ings to the frame and to each other. It will be seen 
that there are heavy "lugs" cast on the inner sides 
of the cylinders by means of which they are securely 
bolted to the frame. 

Above the cylinders— but in the same casting— are 
the circular steam-chests and two sets of passages, one 
for the entrance of live steam, indicated by an arrow 
flying toward the right, and another set for the ex- 
haust steam indicated by an arrow flying toward the 
centre, and afterward upward into the exhaust pipe. 
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The curved parts of the castings are fastened to the 
under aide of the smoke-box and the openings connect 
with steam-pipes above. 

There are two vertical exhaust passages, side by 
side, where the castings attach to the smoke-box and 




exhaust-nozzle. These are not round but semicircular, 
as shown at the bottom of Fig. 76. The exhaust-pipe 
covers both of these openings; so both cylinders finally 
exhaust through a single exhaust^pipe. The whole 
combination shown in Fig. 81 is called "the saddle." 

The steam passages to and from the cylinders are 
more clearly shown in Fig. 82. A cylindrical shde- 
valve, with inside admission, is here shown in middle 
position with reference to the ports. Steam enters 
through a wide opening, in the middle, and to either 
end of the cylinder according as the valve is moved to 
the right or left and the corresponding port opened. 
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Suppose, for example, the valve is moved to the right 
far enough to uncover the annular opening at that end. 
It is plain that steam will then rush into the right- 
hand end of the cylinder. At the same time the left 
port will be uncovered and exhaust steam from the 
left end of the cylinder will pass into the space marked 




exhaust, at the left end of the valve. From here it 
connects with the exhaust passages shown in Fig. 81. 

It will be noted that there is a certain amount of lap 
at both ends of the cylindrical valve — on the inside. 
If the valve were arranged for outside admission, and 
inside exhaust, the lap would be on the outside as it is 
in the ease of the simple D-valve shown in Fig. 38. A 
cylindrical valve for inside admission moves in exactly 
the opposite direction from one for outside admission ; 
but this is easily arranged by a proper setting of the 
eccentric or return-crank, as the case may be. 

Steam is taken from the highest part of the steam- 
dome and conducted to the steam-chests through a 
steam-pipe, inside the boiler, which branches to the 
two cylinders, inside the smoke-box. 
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Fig. 83 shows the throttle-valve, at the inner end of 
the steam-pipe, by means of which the supply of 3team 
is regulated by the engineer. 




The throttle-valve is of the balanced type, and is 
very acciirately fitted. A short vertical rod attached 
to the valve connects with a bell-crank which ie operated 
by a horizontal rod leading to the engine- 
cab. This rod passes through a steam- 
tight gland and is moved back and forth 
by means of a hand lever provided with 
a device for setting at various points as 
shown in Fig. 83A. By this means the 
throttle-valve may be moved much or 
Fig. 83A httle, and set at any desired point. 

The Valve-Gears. The Stephenson 
link motion was formerly used on all locomotives; but, 
inasmuch as it required two eccentrics for each cylin- 
der, on the forward driving-axle inside the frame, it 
was cumbersome and rather inaccessible. Moreover, 
as boilers became heavier, more bracing was needed 
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and less room was left for eccentrics and rods under 
the boiler. Nearly all modern locomotives now use 

outside valve-gearing. 

The Walschaert Valve-Gear. The Walschaert 
gear, or some modification of it, is in most common use 
to-day. Walschaert was a Belgian mechanic who never 
seems to have risen higher in employment than shop 
foreman, but his invention has proved to be a most 
valuable one. The Walschaert gear requires but one 
eccentric. The link is suspended on a central axis 
and has only an oscillating motion. 

Instead of connecting directly with the valve-stem 
the radius-rod connects with a vertical lever-arm, which 
is connected with the valve-stem near its upper end, 
and with the cross-head, or connecting-rod, at its lower 
end. This is called the lap and lead lever. Through 
its action, a different motion is given to the valve from 
that produced by an eccentric alone. 

Fig. 84 shows a modification of the Walschaert 
valve-gear that is much used on modem locomotives. 
It is known as the Kingan-Ripkin valve-gear device. 
James B. Kingan and Hugo F. Ripkin, of Minne- 
apolis, Minn., are the inventors. It differs from the 
original Walschaert gear in the motion that is given 
to the lap and lead lever. Instead of being connected 
with the cross-head, the lap and lead lever, G, is here 
joined to the connecting-rod by means of a lever- 
arm and link. The swaying of the connecting-rod 
has the effect of hastening the motion of the valve at 
certain points of the stroke, thus giving a more ad- 
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vantageous movement to the valve, especially for the 
starting of heavy trains. 

The link, A, is supported on a bracket at the side of 
the boiler by means of a trunion attached to the flat 
side. The shape of the working side of the link, turned 
toward the boiler, is indicated by dotted lines; it is 
hollowed out and fitted with a sliding-block attached 
to the radius-rod, B. The radius-rod is prolonged past 




Fig. 84 



the link and connected with a shifting device by means 
of which it can be raised or lowered as required. 

In actual practice this shifting device is usually 
turned the opposite way from that shown in the figure, 
but its action is the same as just described. The shift- 
ing device is, of course, connected with the reversing 
lever in the cab. Attached to the lower end of the 
link is an arm, C. This arm is connected with the 
"return-crank" by means of a rod, D. 

The return-crank, E, by means of which motion is 
given to the link, acts like an eccentric. It is an in- 
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genious device for getting an eccentric motion where 
neither an eccentric nor a short crank can be used. 
Its hub is made fast to an extension of the crank-pin 
and the crank-pin end of the return-crank is brought to 
a point corresponding to the correct position of the 
centre of an eccentric. The motion given to the link 
is exactly the same as would be produced by an ec- 
centric, with a throw indicated by the dotted Unes, 
below E. 

If the device appears somewhat cumbersome, it 
should be borne in mind that the position of the main 
crank and connecting-rod prevent the use of a simpler 
device. If tlie valve-stem were connected directly 
with the radiua-rod, B, the motion would be direct and 
simple. By shifting the radius-rod to the top or bot- 
tom of the Unk, full motion forward or backward is 
produced through the action of the return-crank. In- 
tennediate positions give practically the same motion 
as would be produced by the "hooked-up" Stephenson 
hnk motion, 

The return-crank is set for neither lap nor lead, but 
the modified motion given by the other parts of the 
mechanism produces a constant lap and lead for all 
positions of the radius-rod. 

In Fig. 84 the connection is arranged for a cylindrical 
slide-valve with inside admission, and the radius-rod 
is set in its neutral position. Let us now suppose that 
the radius-rod is changed to its lowest position and the 
locomotive is running forward, the valve would be 
thrown to the right, and, with inside admission, steam 
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would be flowing into the right-hand end of the cylinder. 
The connecting-rod and its attachments would be mov- 
ing toward the left, and the valve-rod, H, would be 
given a motion that would be the resultant of that 
produced by the return-crank and the connecting-rod 
attachment. 

At this particular moment, the link-block would still 
be moving slightly toward the right while the lower 
end of the lap and lead lever would be moving rather 
rapidly toward the left. The attachment of the valve 
rod is so near the top of the lap and lead lever that the 
resultant motion of the valve rod would be very slight 
and toward the left. In other words, the valve would 
be starting to cut off the steam even though the link 
motion alone would tend to hold the valve wide open. 
The motion of the valve would be slight, however, until 
the stroke had proceeded to its last quarter. Then, 
both the backward motion of the link and the motion 
of the lap and lead lever would combine to close the 
valve very quickly and produce a cut-off at the right 
point. As the connecting-rod sways up toward a hori- 
zontal position, the end of the arm attached to it moves 
toward the left faster than the cross-head. This 
hastens the cut-off over what it would be were the lower 
end of the lap and lead lever attached to the cross- 
head, as in the regular Walschaert gear. Moreover, 
for the beginning of the stroke the ICingan-Ripkin de- 
vice gives a more rapid and timely opening of the port 
than would occur if the connection were with the cross- 
head instead of the connecting-rod. 
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Guides. FJg. 85 shows the method of attaching 
the cross-head guides of a locomotive to the cylinder- 




~m^ 



head at one end and to a spanner connected with the 
frame at the other. 

The Steam-Gauge, An important accessory to all 
steam-boilers, and especially to the locomotive, is the 
steam-gauge. Fig. 86 shows the construction of a 
common form of this device. A flattened tube, bent 
into the shape shown in the central part of the figure, 
is connected with the boiler at its open end and with a 
short rod at the other. The rod connects with a lever 
carrying a toothed segment, which engages with a 
pinion on the shaft which carries the index hand, as 
shown at the left. The index hand passes over a dial 
on which are marked figures corresponding to boiler 
pressures to be indicated. 
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As steam, under pressure, is admitted to the bent 
tube, it tends to straighten it; the motion is communi- 
cated to the index hand and the pressure shown on the 
dial. The higher the pressure the greater will be the 
tendency to straighten the tube. By marking the disk 




to correspond to known pressures, the device can be 
made to show just what the steam pressure in the 
boiler is at any time. 

The action will be better understood after an ex- 
amination of the diagram at the right, which is on an 
enlarged scale. At the left of the vertical line, is shown 
a cross-section of the flat tube,'and, in dotted lines, the 
same tube distended to a full circular cross-section. 
At the right, a portion of the tube is shown, as it ap- 
pears in the central figure. Now suppose it to be dis- 
tended to a circular cross-section. One side would be 
moved to the left, and on the other side to the right, 
as shown by the dotted lines. The end would, how- 
ever, have to take the position shown at 3 and 4, 
rather than at 1 and 2, for the lines must remain of the 
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same lengths as in the original position, and this could 
not occur without distortion, unless the end of the tube 
were allowed to move toward the right. 

The arrangement for transferring the movement of 
the bent tube to the index hand is such that an imper- 
ceptible movement of the end of the tube causes a 
movement of the index hand that may be clearly seen. 
In the manufacture of gauges the figures on the dial are 
first estabhshed by actual tests, with known pressures, 
and parts that have proved to be of the correct dimen- 
sions are then duphcated. All gauges are, of course, 
carefully tested before being put on the market. 

The Injector. Another convenient device in use 
on all locomotives — as well as in marine and stationary 
work to some extent — is the injector. It is a means of 
forcing feed water into the boiler without the aid of a 
force-pump. 

Injectors are made in various forms, but the prin- 
ciple may be explained by the aid of Fig. 87, which is 




merely a diagram, lacking some structural details. 
The injector is made up of a set of tubes and nozzles 
so arranged that a powerful jet of steam carries water 
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along with it, and forces it through an opening into the 
boiler. At the extreme left, Fig. 87, is shown a steam- 
nozzle passing through a lai^er tube connected with a 
water supply pipe. The end of the steam-nozzle en- 
ters another one, somewhat wider, which is separated 
by a small gap from a third nozzle, smaller than the 
others, turned in an opposite direction. At the base of 
the third nozzle there is a check-valve opening toward 
the boiler. Surrounding the two nozzles, last men- 
tioned, is an overflow space connected with a discharge 
pipe. High-pressure steam is discharged through the 
first nozzle into the second. This draws water along 
with it. The mixture is forced across the gap into the 
third inverted nozzle and thence through the check- 
valve into the boiler. Only a limited amount of wa- 
ter can be carried by the steam-jet, but its action is 
BO rapid that a sufficient fiow can be maintained to 
supply the boiler with feed water — even without con- 
stant use. The overflow gap is useful in allowing sur- 
plus water to be discharged through another opening. 
Likewise, if the main supply of water is less than the 
steam-jet will carry, water from the overflow will be 
drawn through the gap and forced into the boiler. In- 
jectors in actual use have, of course, carefully adjusted 
' alves and cocks to regulate the supply of steam and 
water. 

The Pop Safety- Valve, The ordinary safety-valve 
with a weighted lever, cannot, of course, be used on 
a locomotive because of the motion; so springs are 
used in place of weights and the lever is generally dis- 
pensed with. 
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Fig. 88 shows the general construction of a spring 
or pop safety-valve. A conical valve is kept on its 
seat, against ordinary steam pres- 
sure, by means of a stout coil 
spring, acting directly. In case 
the steam pressure exceeds the 
safety limit, to which the spring is 
carefully adjusted, the valve is 
forced up and the steam escapes. 
When the boiler pressure is relieved 
to the point where the spring will 
close the valve, it is again closed, 
p- Q gg Whenever the valve is raised 

there is an immediate release of 
pressure at that point which would allow the valve 
to drop only to be immediately raised again, if some 
device were not used to prevent it. This "chattering" 
is prevented by making the valve of the shape shown 
in the figure. Just above the conical part there is a 
flange which rests on a flat seat when the valve ia 
closed. When the valve is raised by excessive steam 
pressure the escaping steam has to pass between this 
flange and its seat and the valve is thus held open until 
the boiler pressure has dropped a sufficient amount to 
allow the valve to remain closed for a time. Outside 
of the valve and the cylinder containing the spring, 
there is usually a "muiBer" or hollow vessel filled with 
holes through which the steam escapes more gradually 
and quietly than it otherwise would. Here, again, it 
must be understood that the figure is only meant to 
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show the principle of the spring safety-valve and is 
not exactly like any In actual use. 

The Steam-Whistle, An important accessory to 
all locomotives, as well as to most other steam plants, 
is the wliistle. It consists of a hollow bell or short 
tube, closed at one end, against the lower edge of which 
a violent steam-jet passing through a circular sht is 
directed. 

Fig. 89 — again only a diagram — shows the construc- 
tion. Steam comes from the boiler through a vertical 
pipe which connects with an enlargement surrounding 
a smaller pipe which connects directly with the nar- 
row sht below the whistle. A conical valve opens from 
the enlargement of the steam sup- ^^^ 
ply pipe into the smaller pipe. The 
steam pressure on top of the valve 
keeps it tightly closed except when 
it is desired to blow the whistle. 
The valve has a stem which passes 
through close-fitting openings at 
the bottom, as shown. Hinged on 
the outside is a bent lever which 
rests Hghtly on the valve-stem. 
The whistle is operated by means 
of a cord or rod running from the 
long arm of the lever to the engine 
cab. A spring keeps the lever from pressing too hard 
against the valve-stem when not in use. Formerly 
steam-whistles were made with an even circular edge 
all around the bottom of the "bell," but they are now 
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more often cut at an angle as shown in the 
Often the bell is divided into two or more compart- 
ments of different lengths, each with its own separate 
mouth. Each compartment produces a different tone, 
which should of course be adjusted to harmonize with 
the others. 

Safety-valves and whistles are usually connected with 
a small steam-dome near the back end of the boiler, 
not far from the engineer's cab. 

A complete description of a modem locomotive 
would require a larger book than this to contain all 
that should be said about its many details. It must 
be understood that what is here given is only an in- 
troductory account of its principal features. 

Locomotives are of many types and sizes, according 
to the work they are intended to perform. A fast 
passenger locomotive, with high wheels and compara- 
tively short stroke, would be poorly fitted to handle 
heavy freight-trains, or to do switching in a railroad 
yard. The tractive power of a locomotive is limited 
by its adhesion to the rails; and it is, therefore, de- 
sirable to throw as much as possible of the weight on 
the driving-wheels. In switching engines, the whole 
weight is often carried on the drivers, of which there are 
usually many of small diameter. 

The diagrams in Chapter I show how the principle 
of the lever is employed to exchange speed for power 
by using small driving-wheels and a long stroke 
for engines employed on mountain sections, and for 
switching, while high wheels and a shorter stroke are 
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employed for fast trains. Where several sets of driv- 
ing-wheels are used, some of them are often without 
flanges. These serve to increase the tractive force 
without mcreasing the friction in gomg around curves. 
The driving-wheels of locomotives are always firmly 
keyed to the driving-shafts; and the cranks, on opposite 
ends of the shaft, are placed at an angle of ninety 
degrees with each other, to prevent stopping on dead 
centres. 
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CHAPTER VI 

THE STEAM-TURBINE 

About two thousand years ago Hero of Alexandria 
constructed a device which worked on much the same 
principle as the modem steam-turbine. It consisted 
of a hollow metallic sphere with tubular arms, as 
shown in Fig. 90. The sphere was suspended over a 
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small boiler by means of a hollow axle which connected 
with the boiler through a tube contained in one of the 
supports. The tubular arms were closed at the outer 
end, but had small openings in tlie sides, as shown in 
the figure. These openings were in corresponding 
sides of the two tubes with reference to rotation, and 
at right angles to the axis. Reaction from the escap- 
ing steam caused the globe to spin around in the direc- 
tion indicated by the arrow, but it had very little 
power. 
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No attempt seems to have been made, at that time, 
to further develop this device. Hero's inventioQ was 
often referred to in the nineteenth century aa an un- 
successful attempt to utiUze the power of steam, and 
the failure was attributed to a lack of understanding of 
correct principles. Watt's success in utilizing the ex- 
pansive force of steam in cylinders fitted with movable 
pistons closed men's eyes for a hundred years to the 
equally useful principle that was first applied, in an im- 
perfect way, by Hero. 

About three hundred years ago an Italian named 
Branca constructed a device, that was no more success- 
ful than Hero's, which involved in its action another 
principle that has been applied in the modem steam- 
turbine. 

Branca's device is illustrated by Fig. 91. It con- 
sisted of a wheel with vanes, like a paddle-wheel, 
against which a steam-jet was directed. The wheel 
was made to spin around; and illustrations which have 
come down to us show a train of wheels and axlea 
being moved by the motor-wheel. Apparently no 
more power was developed than was needed to drive 
very light idle machinery. 

With a properly shaped nozzle for the escape of the 
steam, Hero's engine should have developed a con- 
siderable amount of power, in rapid revolution. Bran- 
ca's device lacked both a nozzle of proper shape and 
suitably shaped blades. It is probable, too, that the 
wheel was not mounted and geared up in a way that 
would have permitted of the very high speed necessary 
to develop power as an impulse turbine. 
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Nozzles and Steam-Jets. Before taking up the 
description of modern steam-turbines, let us study, 
briefly, the action of steam as it escapes through ori- 
fices and nozzles. Fig. 92 shows a jet of steam dis- 
charging from a hole iu a boiler without any directing- 
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nozzle. It spreads, almost immediately, into a cloud 
of steam capable of exerting no force. At the moment 
of its escape, however, it would be found, if measured, 
to have an outward pressure equal to a little more than 
one-half the boiler pressure on a similar area — ^fifty- 
eight hundredths of the original pressure — to be more 
exact. 

Now, if, instead of a mere hole, a short nozzle, of the 
shape shown m Fig. 93, be used, the jet of steam will 
proceed in straight lines for a considerable distance. 

Nozzles should always have a well-rounded approach 
to the throat, or narrowest part. The flare and length 
of the cone are governed by the pressure of the steam 
to be discharged, but for ordinary pressures the shape 
will not differ very much from that shown in Fig. 93. 
In passing the very short distance between the ap- 
proach and the outlet of such a nozzle high-pressure 
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Bteam acquires a velocity greater than that of a bullet 
discharged from a modern rifle. 

Steam at two hundred and fifteen pounds pressure 
will discharge into a vacuum from the mouth of a 
properly shaped nozzle at the rate of over four thou- 
sand feet per second, and into the air at the rate of 
about three thousand feet per second. 

It is difBcult to understand how such great velocity- 
can be acquired, ahnost instantly, but the fact can be 
demonstrated; we know that steam in the boiler has 
no velocity and there are methods by which the velocity 
of a jet may be readily calculated. The actual energy 
of the steam is really developed in the nozzle, in this 
case, and is imparted to the molecules as they are dis- 
charged from the mouth of the nozzle. The heat of 
the steam causes rapid expansion which takes place in 
the direction of the axis of the nozzle. The energy of 
the steam is transformed into momentum of its par- 
ticles in much the same way as the volume is increased 
in the case of the reciprocating engine. The flare of 
the nozzle allows of a small amount of lateral expansion 
while the jet is gathering force in the direction of its 
axis. 

Steam, IHte all other substances, has weight. When 
it first begins to generate, an ordinary boilerful weighs 
not more than a pound or two. At a pressxu'e of 
four hundred and seventy-five pounds per square inch 
a cubic foot of steam weighs a pound, and at two 
hundred pounds to tlie square inch — not an unusual 
pressure for modern boilers — it takes about two cubic 
feet to weigh a pound. Now, it does not take a pound 
of steam very long to escape from a nozzle, and in do- 
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ing so it acquires as much momentum as any other 
substance of the same weight moving at the same 
velocity. 

A lead bullet mo\'ing as fast as a steam-jet employed 
in driving a modern impulse steam-turbine would pass 
through an oak target more than two feet thick; 
a quantity of steam of equal weight will escape in one 
or two seconds. The main difference is that the bullet 
acts almost instantly while the steam-jet takes a little 
more time to get in its work. The action of a steam- 
jet may be compared with that of a machine-gun where 
the bullets, like the molecules of steam, follow each 
other very rapidly. The efhciency of a machine-gun 
is measured by the weight of metal that it can dis- 
charge in a given time, and the same principle apphes 
in the case of the steam-jet. Though the weight of a 
molecule of steam is extremely small the number of 
molecules that can be discharged in a second of time is 
beyond computation. 

When a body, lai^e or small, has once been set in 
motion, it takes force to stop it or to change its direc- 
tion. The molecules of steam in a steam-jet, when 
they have once been discharged from a nozzle, tend to 
move forward in straight lines — -like a bullet from a 
rifle. They will exert force on anything that tends to 
stop them or to change their direction. 

Now, let us see how the energy of steam that has 
been generated in a boiler and transformed by a nozzle 
into momentum, can be utilized in driving machinery. 

Suppose that a steam-jet from a properly shaped 
nozzle be directed against the surface of a smooth 
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metallic vane, as shown in Fig. 94, and 
that no change of velocity takes place 
as it slides along the surface and is dis- 
chai^ed from the right-hand edge. 

So long as the vane remains at rest, 
no power will be developed, but there 
will be a tendency for the vane to move 
in the direction of the arrow due to the 
resistance of the jet to any change in 
the direction of its motion. 
If the vane be free to move, the jet will still leave 
the right-hand edge at the same speed with which it 
enters at the left-hand edge; but, as the vane moves in 
the same direction as the jet the speed of the jet over 
the surface of the vane will be less than when the vane 
is at rest. During this slowing down of the jet, with 
reference to the vane, power will be developed pro- 
portionate to the weight of the steam discharged. It 
is like catching a ball by moving the hands in the direc- 
tion of the motion. The more sudden the stop the 
greater will be the shock and heat, but the ball will 
exert the same amount of energy whether brought to 
rest suddenly or more slowly. 

Whenever mechanical energy is transmitted from 

one moving body to another two different forms of 

energy result, mechanical energy and heat. The sum 

of the two is always exactly equal to the mechanical 

energy given up by the first body, but the heat gener- 

^_ ally represents waste. A quick stop always results in 

^m an imdue proportion of heat and consequent loss of 

^H mechanical energy. 
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In the case of the impulse turbine it has been found 
that the most efficient "rotors" are those that have a 
rim velocity a little less than one-half that of the steam- 
jet. In Fig. 94 let the arrow, A, represent, by its length, 
the velocity of the jet as it approaches the vane. Now, 
inasmuch as the approach is at an angle, the tendency 
to move the vane in the direction of the arrow, D, will 
be sometliing less than it would be if the movement 
of the jet and the vane were in exactly the same direc- 
tion. As a matter of fact the force exerted on the vane 
will be proportional to the vertical component of A, 
represented by tlie length of the vertical line, B, One- 
half of B, or D, will be the best speed for the vane 
to absorb the impulse of the jet, A. 

As to the motion in the direction of the arrow D, 
the vane is moving about half as fast as the jet; and 
the motion along the surface of the vane is, conse- 
quently, only about half the actual velocity of the jet. 
As the jet leaves the right-hand edge of the vane it will 
therefore have practically no absolute motion either 
in the direction of the vane or in the opposite direction, 
for it is moving upward with reference to the vane at 
about one-half its original speed, while the vane itself 
is moving in the opposite direction at the same rate of 
speed. 

The De Laval Impulse Turbine. The first suc- 
cessful steam-turbine was constructed by a Swedish 
engineer named De Laval. His first machine was con- 
structed on the principle of the Hero engine; and it 
developed sufficient power to operate a cream separator. 
De Laval soon abandoned this type, however, and con- 
structed a turbine on the principle of Branca's engine. 
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After some experimentation, De Laval brought out an 
impulse turbine that developed a considerable amount 
of power. He used a rotor, or impulse wheel, in the 
form of a disk with buckets or vanes, like that shown in 
Fig. 94, arranged at the outer rim. One or more flar- 
ing nozzles, cut off at an angle so as to come as close as 
possible to the revolving buckets, were arranged so aa 
to direct jets of steam against the vanes in the same 
way that we have just been considering. 

Fig. 95 shows a De Laval nozzle and a set of vanea 
in their usual position. The nozzles are fitted with 
throttle-valves, so that they can 
be opened or closed according as 
one or several are needed to pro- 
duce the required amount of 
power. 

We have seen that the proper 
speed for the vanes of an impulse 
turbine is about one-half that of 
the steam-jet, and that steam- 
jets from high-pressure boilers 
have a velocity of from three to 
four thousand feet per second. 

In order to have buckets move 
at the rate of fifteen hundred or 
two thousand feet per second, 
mechanical difficulties must be 
overcome. In order to have a 
rim velocity of fifteen hundred 
feet per second, a disk, one foot 
in diameter, must make in the neighborhood of five 
hundred revolutions per second. This is too high p 
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speed for safety, even with the use of the best ma- 
terials. The centrifugal force, in such a case, would 
be so great that a vane weighing only a few ounces 
would exert an outward pull of several hundred pounds; 
and in case anything broke loose, great damage would 
be likely to result. 

Though the greatest efficiency is attained, as we have 
seen, when the rim velocity of the rotor is nearly one- 
half that of the steam-jet, very good results are obtained 
with rim speeds of a little more than one-third the 
speed of the jet. 

Small rotors have been run with a rim speed of more 
than one thousand feet per second, and speeds of six 
and seven hundred feet per second are not uncommon, 
in the De Laval type of steam-turbines. A rim speed 
of seven hundred feet per second means nearly fourteen 
thousand revolutions per minute for a rotor one foot in 
diameter. 

Rotors as small as four inches in diameter are used 
on De Laval turbines developing one horse-power. 
Five horse-iK)wer De Laval turbines have rotors about 
one foot in diameter. 

It is hard to reahze how such a small rotor can be 
made to develop this amount of power with only two 
or three jets of steam playing upon it. But let us con- 
sider for a moment the number of impulses that will 
occur in a second of time on a rotor one foot in diameter, 
fitted with three nozzles, revolving at the rate of four- 
teen thousand revolutions per minute. 

Such a rotor would have at least one hundred vanes, 
and each nozzle would play on at least three vanes at 
one time. We would have, then, nine hundred separ- 
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ate impulses at every revolution of the rotor and 
twelve million six hundred thousand in one minute. 
Dividing by sixty gives us two hundred and ten thou- 
sand impulses per second. Though each separate im- 
pulse be very small, two hundred and ten thousand of 
them will amount to a great deal. Here we have the 
secret of the great power of the steam-turbine— a great 
number of small impulses combined with high velocity. 
Fig. 96 shows a section of a De Laval rotor, on the 
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left, and a partial side view on the right. The vanes 
are shown at the top, in mere outline. Fig. 97 shows 
them in detail, and the method by which they are at- 
tached to the rotor. 

Each vane is made from a separate drop forging of 
steel, and they are fitted together and attached to the 
rotor with the greatest care. Apertures are drilled and 
milled in the edge of the rotor, as shown at the extreme 
right in Fig. 97. The blades are then fitted as shown. 

It will be noted that the rotor is much thicker near 
the shaft than near the circumference, as shown in Fig. 
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96. This is to resist the tendency to fracture, due to 
high velocity, which is greater near the axis than el 
where. 

The motion of a rotor of the De Laval type can best 
be compared with that of a humming top. In order to 
insure smooth running the greatest possible care must 
be taken to have the rotor well balanced. 

Here, again, is a mechanical difficulty to be over- 
come, for, with separate vanes fitted to the rim, per- 
fect balance is difficult to attain. If the centre of 
gravity of the rotor and its numerous blades is a hun- 
dredth of an inch from the centre of rotation serious 
vibration will occur at the very high speed employed. 
But at humming-top speeds revolving bodies tend to 
rotate about their centres of gravity rather than about 
any fixed axis, and this fact is taken advantage of in 
mounting rotors of the De Laval type. Instead of 
heavy shafts running in ordinary journal-boxes, fight 
shafts with bearings some distance apart are used, as 
shown in Fig. 96. Wlien the rotor passes what ia 
called its critical speed, it begins to revolve about its 
centre of gravity and holds the centre of the fight shaft 
in that position steadfiy. The flexibifity of the fight ■ 
shaft aUows of this amount of bending without affect- 
ing its capacity for the transmission of power. 

The shaft may not be bent out of its normal position 
more than one or two hundredths of an inch, so no 
perceptible amount of distortion will generaUy occur. 
Fig. 96 shows one method of mounting a rotor on a I 
flexible shaft — where the centre of the rotor is pierced, i 
Fig. 98 shows another method of mounting — ^where 1 
there is no hole through the rotor, but where two shafts ] 
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with suitably shaped flanges are fitted to opposite sides. 
It may seem that such small flexible shafts are unsuited 
to the transmission of power and that they are out 
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of proportion to the heavy hubs of the rotors. Here, 
again, we should bear in mind that the high speed 
which makes it necessary to use strong rotors, to re- 
sist centrifugal force, allows a small shaft to transmit 
a great amount of power. The higher the speed, the 
less the diameter of the shaft may be. 

A shaft half an inch in diameter will transmit as 
much power, in a given time, at fourteen thousand 
revolutions per minute, as a threes-inch shaft moving 
slowly. This is another case where time and space 
are exchanged for power to good advantage. 

Rotors are usually mounted in steam-tight cases, and 
several nozzles are often attached to the casing. Some- 
times these are cast in one piece with the casing, as 
shown in Fig. 99. Ample provision must always be 
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made for a free exhaust after the steam has acted 
on the rotor. Otherwise it will exert back pressure 





and retard the rotor. Exhaust-pipes leading either to 

condensers or to the open air are therefore made of 
large size. 
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Fig. 99 shows two sections of an impulse turbine. 
One through the horizontal axis of a nozzle, and above 
it, another through the axis of the rotor. Above these 
are shown two diagrams which should be explained at 
this point. The top one shows how the pressure of the 
steam drops as it passes through the nozzle; the other 
shows how its velocity rises at the same time. The 
dotted vertical lines connect the sectional views with 
corresponding points in the curves of pressure and 
velocity. It will be noted that the pressure remains 
the same after the jet leaves the nozzle, but the velocity 
drops suddenly, as the jet enters the vanes. The prob- 
lem, as we have seen, is to bring the steam-jet to rest, 
as nearly as possible, through its action on the vanes. 
In a single impulse turbine where the rotor moves at 
about one-third of the velocity of the jet, the steam 
will always retain some velocity, as indicated by the 
horizontal line a little above the line of no velocity, 
marked o. 

Fig. 100 shows a double rotor with fixed directing 
vanes between. By means of this arrangement slower 
moving rotors may be used, and the velocity drop be 
divided between the two rotors. 

The diagrams above show that the pressure remains 
practically the same after the steam leaves the nozzle, 
but the velocity drops one-half in each set of vanes. 
In passing through the fixed set of vanes, the velocity 
remains the same as when it left the first set of vanes, 
but its direction is changed so as to give the right angle 
of approach to the second rotor. Often the two sets 
of moving vanes are attached to a single rotor by a 
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forked section which passes on either side of the fixed J 
vanes. In this case, the rotor may be slowed down to I 
about one-half the velocity that would be required for 1 
a single set of vanes developing the same amount of j 
power. 

Reddction Gears. One of the greatest difficultieal 
to be overcome in applying a steam-turbine, of the I 
De Laval type, to commercial uses is in reducing the 
speed of the rotor— which we have seen must always 
be high- — to that of ordinary machine movements. 

Except for a certain class of small electric generators, 
there is hardly any machine that can be run at anything 
like the usual speed of a De I^aval rotor. 

Attached to nearly all such turbines, tixerefore, are 
trains of gearing by means of which the speed of the 
final driving-shaft is reduced much below that of the 
rotor. For this purpose spiral-toothed gearing is com- 
monly used, as it works more smoothly than ordi- 
nary straight-toothed gearing. Fig. 101 shows a pair 



Fig. 101 

of spiral-toothed pinions, integral with the rotor shafts 
They are of very small diameter and usually mesh into 
gear-wheels of ten times their diameter. Two sets of 
spiral gears, with spirals running in opposite directions, 
are usually placed side by side, in order that the side 
thrusts caused by the spiral shape of the teeth may 
counterbalance each other. 

One reduction of this kind is usually sufficient for 
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runimig electric generators. In a case like that just 
considered— with one reduction in the ratio of 1 to 10— 
a rotor making fourteen thousand revolutions per 
minute may be made to drive an electric-generator 
shaft at the rate of fourteen hundred revolutions per 
minute. This would atill be far too high a speed for 
steamship propellers, or most other purposes, but an- 
other reduction at the same ratio would be sufficient 
for many practical purposes. 

Instead of using several reductions, by means of 
heavy gears, however, there are other means of reduc- 
ing the speed of turbine rotors directly, which will later 
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Fig. 102 shows a general view of a 10-kilowatt — 
about thirteen horse-power — directly connected turbo- 
generator manufactured by the Westinghouse Electric 
and Manufacturing Company of East Pittsburgh, Pa. 
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The turbine proper is attached to tlie generator and is I 
shown overhanging the foundation on the right. Tha I 
lai^e opening at the bottom is for the exhaust. The| 
steam inlet is on the other side. 

The bulging cylinder-head is so shaped to accommo- 1 
date the governor which, with the other internal I 
mechanism, is shown in the sectional view, Fig. 103. 

Before the governor is studied, attention should be { 
given to Fig. 104 which shows the rotor, with a single \ 
set of blades, and the nozzle and "reversing-chamber" 
in their correct positions with reference to the rotor, 
but, of course, independent of it. Here is an example i 
of a practical method of employing a much lower sp 
for the rotor than half the speed of the steam-jet. 

On the right-hand side of the rotor is shown a flar- 1 
ing nozzle, of rectangular cross-section, which directs 
the steam -jet against the 
vanes on that side. The 
speed of the rotor being much. 
less than one-half that of the 
1 steam-jet, the steam issues 
from the left-hand edges of 
the vanes with more than 
half of its original velocity. 
This current of steam now 
flows into the curved chan- 
nels of the reversing chamber, 
is turned completely around 
and directed against the left- 
hand edges of another set of vanes from which it finally 
escapes into the exhaustrchamber. Here we have the 
same effect, less a considerable amount of fluid friction. 
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that is produced by a double rotor like that shown in 
Fig. 100. 

Referring now to Fig. 103, we see the rotor, in sec- 
tion, attached to the end of a stout shaft with but one 
bearing in sight. The other end 
of this shaft carries the rotor of 
the electric generator, without 
any intermediate gearing, and is 
supported by another bearing at- 
tached to the frame of the genera- 
tor. It may be thought that this 
method of mounting does not 
make provision for vibration at 
high speed, spoken of earher in 
tills chapter. But, as will later 
be explained, there are other 
methods of providing against vi- 
bration than that employed by De Laval. 

In the sectional view the nozzle is shown in cross- 
section at the right of the lower limb of the rotor, and 
the reversing chamber is shown on the opposite side 
of the rotor. 

The term "reversing chamber," as already indicated, 
applies to the arrangement for reversing the direction of 
the steam-jet, so that it may be used a second time in 
driving the vanes. Steam-turbines are not reversible. 
The Turbine Governor. Just below the nozzle, 
Fig. 103, is shown a set of steam passages tlu'ough 
which steam enters the nozzle. 

The smaller of the two round black spots indicates 
the end of a steam-pipe leading from the boiler; the 
larger one is the exhaust passage. 
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Between the steam-pipe and the nozzle there 
metalUc sleeve containing a small balanced cylindrical 
valve, operated by a horizontal valve-stem, which is 
connected by means of a lever to a horizontal governor 
attached to the hub of the rotor. The steam must pass 
through this valve before being admitted to the nozzle. 

Whenever the rotor acquires too high a speed, the 
weights, WW, move outward; the spring is compressed 
and the spindle of the governor moves sUghtly to the 
right. This motion is communicated, through the 
lever, to the valve and less steam is allowed to enter 
the nozzle. Whenever the speed of the rotor gets too 
low the governor works in the opposite direction and 
more steam is admitted. 

It is claimed that the speed of the rotor can thus be 
kept within 3 per cent of normal whether nmning with 
full load or no load. 

There is a removable plug at the right of the casing; 
and the whole "cylinder-head" may be removed, as in 
the case of an ordinary reciprocating engine, whenever 
it becomes necessary to examine the interior. It is 
claimed that this little engine will run for many months 
without further attention than proper lubrication. 

The Westinghouse Company manufacture a number 
of different sizes of impulse turbo-generators. The 
smaller sizes have no intermediate gearing for reduc- 
ing the speed of the generator rotor, but in the larger 
sizes spiral reduction gears are used, like that already 
described. Reversing chambers are employed in all 
these engines. 

Flexible Bearings. Fig. 105 shows a form of 
bearing that has pretty nearly superseded the flexible 
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shaft, as a means of over- 
coming vibration in tur- 
bines with high-speed 
rotors. It is made up of 
several concentric sleeves 
Fig. 105 of metal, the inner one of 

which is of good wearing 
material, fitting somewhat loosely into each other. 
There are loosely fitting studs to keep the sleeves from 
turning upon one another, and holes, as shown, where 
oil can pass into the spaces between the sleeves. When 
oil of the right consistency is used it forms films between 
the different layers. When the rotor has passed its 
critical speed and seeks to turn about its centre of 
gravity, the thin layers of oil allow of a slight movement 
like that already mentioned in the case of the flexible 
shaft. 

Safety Devices. Most steam-turbines are fitted 
with safety devices to prevent overspeed, such as might 
occur in case something went wrong with the governor. 
Fig. 106 shows a common form of such a device. A 
hole is drilled through the shaft, and in it is fitted a 
pin with a rounded end which 
is held entirely within the 
hole, at ordinary speeds, by 
means of a spring. Outside 
is a lever with one arm press- 
ing against the under side of 
the shaft, as shown. 

A notch in the other arm 

of the lever holds one arm 

Fig. 106 of a bell-crank connected, by 
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means of a rod, with a valve in the steam supply pipe, 
which closes by gravity or by means of a spring. 

The centre of gravity of the pm is shght'y nearer 
the rounded end than is the centre of the shaft — as in- 
dicated by the small dot. The spring is so adjusted 
that it will hold the pin in place, at safe speeds, and 
allow it to move away from the centre of rotation, 
through the action of centrifugal force, at unsafe speeds. 
Whenever the end of the pin moves outside the surface 
of the shaft, it strikes the upper curved surface of the 
arm, disengages the bell-crank and allows the valve in 
the steam supply pipe to close; this brings the turbine 
to rest. 

Reaction Turbines. All of the steam-turbines 
thus far described, except the Hero engine, have been 
of the kind that depend for their action on the im- 
pulse principle, the full energy of the steam-jet being 
developed in the nozzle and its momentum beii^ ab- 
sorbed, so to speak, by one or more sets of rapidly 
moving vanes. 

We have now to consider a type that depends for 
its action on a different principle. 

Hero's engine worked by reaction, and this principle 
has been applied in modern steam-turbines. 

Charles A. Parsons, of England, brought out an en- 
gine that worked on this principle in 1884 — a year 
before De Laval patented the modern impulse turbine. 

A good illustration of the principle of reaction is that 
of a boy on skates throwing a ball. The more energy 
he employs in throwing the ball, the more he will be 
pushed back by reaction. Any one who has ever 
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discharged a rifle or shotgun with the stock against 
his shoulder knows that the discharge is always ac- 
companied by a decided "kick." In large-sized field 
and marine guns special provision has to be made for 
taking up this reaction, otherwise the mountings 
would be quickly destroyed. In all these cases, the 
force exerted on the moving body is balanced by an 
exactly equal force of reaction which itself becomes 
an active force whenever the discharging body is free 
to move. 

In the case of the impulse turbine, there is reaction 
in the nozzle, in a measure like that of a gun, but the 
rigidity of the nozzle and the frame 
to which it is attached prevents any 
motion. Now, when steam escapes 
from a short straight nozzle, or 
through an orifice like that shown 
in Fig. 107, it expands compara- 
tively little during its passage. If 
it is then directed between blades, free to move, of the 
shape shown in the figure, expansion will continue and, 
consequently, the velocity will increase. The mo- 
mentum of the steam current of course increases with 
the velocity and this produces reaction which tends to 
move the blades in the direction of the arrow at the left. 
As a matter of fact, the force of reaction will be exerted 
principally in an opposite direction to the direction of 
the jet when it leaves the blades; but, inasmuch as the 
blades are only free to move directly to the left, the 
force will only be effective in that direction. If we have 
a set of blades of the proper shape arranged in the cir- 




FiG. 107 



150 



THE STORY OF THE ENGINE 



cumference of a disk, as in the case of an impulse 
turbine, and a number of short straight nozzles hke the 
one shown in Fig. 107, we will have a simple form of a 
reaction turbine. 

In almost every case in actual practice, however, 
the steam that escapes from the first set of blades 
is then conducted between fixed 
blades of about the same shape as 
/ ^ ■ ■ - _-r-- -. the moving blades, but turned in 
^MOVINO ^^^ opposite direction. By this 

Vii^^ means the currents of steam are 

5 directed against another set of mov- 

rnXEDjjjg blades, as shown in Fig. 108. 

''""""? One series of fixed and movable 

^^ blades after another are arranged 

■ — *■ so that the steam currents are 

Fig. 108 brought into contact with many 

different sets before they finally 

escape into the open air or into a condenser. 

As the currents of steam advance from one set of 
blades to another they gain in volume, and, up to a 
certain point, in velocity. Thus the energy of the 
steam is gradually imparted to one set of blades after 
another until it is reduced to a point where it is no 
longer profitable to continue the process. 

Even in these so-called reaction turbines the steam 
acta partly by impulse as it passes from fixed to moving 
blades. The term reaction turbine is employed to dis- 
tinguish this class of engines from those that act by 
impulse alone. 

In reaction turbines expansion occurs, as we have 
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seen, from the time the steam enters the first set of 
blades until it is finally discharged. More and more 
space must, therefore, be provided for the currents of 
steam as they pass from one set of blades to another. 

In Fig. lOS the blades are shown farther apart in the 
later stages than at the beginning, but in actual prac- 
tice the extra space needed is generally provided by in- 
creasing the lengths of the blades, in each successive 
set, until a certain limit is reached ; then, the diameter 
of the rotor is increased, and shorter but more nimaeiv 
ous blades are used. 

The Pahsons Type of Steam-Tuhbine. The vari- 
ous sets of blades are all attached to the outer surface 
of a revolving-drum in turbines of the Parsons type. 
This drum, which is usually of steel finished both in- 
side and outside to secure as perfect balance as possible, 
is made up of two or more sections of different diam- 
eters. The blades for the earlier stages are attached 
to the smallest diameter and the larger diameters 
correspond — as has been explained — to the later stages. 

Quite as important as the rotor, and as difficult of 
construction, is the casing which carries practically 
the same number of fixed blades that the rotor does of 
movable blades. There must be a set of fixed blades 
between each set of movable blades and the next set 
of movable blades; the casing, moreover, must be 
made in two parts. Not only must the two parts of 
the casing be fitted together with great accuracy, but 
care must be taken to proportion the parts so that un- 
equal expansion from the heat of the steam may not 
warp them in such a way as to bring fixed and mov- 
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able blades into contact with each other. It is desira- 
ble to bring the fixed and movable blades as near to- 
gether as possible without touching; and it must be 
clear that only the most skilful mechanics can be em- 
ployed in such construction. 
Fig. 109, used by permission of the Westinghouse 



Electric and Manufacturing Co., of East Pittsburgh, 
Pa., illustrates the general construction of a single- 
flow reaction turbine of the Parsons type. Steam 
enters the casing near the right-hand end of the rotor 
and passes through one set of blades after another imtil 
it finally reaches the wide exhaust passage at the ex- 
treme left. 

The increasing lengths of the blades and enlarge- 
ments of the diameter of the rotor, as the exhaust is 
approached, are plainly indicated. Near the middle of 
the rotor there is a by-pass inlet by means of which 
steam at boiler pressure can be admitted at that point 
whenever it is necessary to develop additional power. 
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In this way the main current of steam, which has spent 
some of its energy, can be reinforced for the purpose of 
handling excessive loads. 

In single-flow turbines the force of the steam acting 
in the direction of the flow produces a great deal of 
end pressure on the rotor. This is overcome by "dum- 
mies," corresponding in diameter to the enlargements of 
the working portion of the rotor, which serve as coun- 
ter-balances. These are shown near the right. 

Equilibrium pipes connect the various stages with 
dummies of corresponding diameter, as shown in Fig. 
109. 

Most large turbines are connected with condensers 
and the better the vacuum maintained in the con- 
denser and casing, the more efficient the turbine will be. 

Figs. 110, 111, and 112, which are also reproduced 
by permission of the Westinghouse Electric and Manu- 
facturing Company, show various modifications of the 
Parsons type of steam-turbine in use to-day. 

The Combination Impulse and Reaction Single- 
Flow Turbine. It has been found practicable to com- 
bine impulse and reaction turbines by attaching impulse 
rotors to the admission end of the main rotor. Such an 
arrangement is shown in Fig. 110. Here a double- 
bladed impulse rotor takes steam, only partially ex- 
panded, directly from a nozzle chamber and delivers 
it to the reaction rotor on which it then acts in the same 
way as in the single-flow reaction turbine. It will be 
noted that the later sets of blades, on the reaction rotor, 
allow for expansion by means of extra length and greater 
diameter as the steam approaches the condenser. 
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Rotors on large reaction turbines seldom make more 
than seven hundred revolutions per minute, but they 
are often speeded higher on small combination turbines 
so as to give as high a speed as possible to the impulse 




blades. With steam only slightly expanded and of 
comparatively low velocity, the impulse rotors, which 
of course cannot move faster than the reaction rotors 
to which they are attached, can be run efficiently at 
much lower rim velocities than in the case of the De 
Laval turbines where the steam is fully expanded in 
the nozzle and expelled at a very high velocity. 

The Double-Flow Turbine. Fig. Ill shows a 
favorite form of combination impulse and reaction tur- 
bine where the steam first acts on a double-bladed 
impulse wheel and is then dischai^ed into a chamber 
from which it flows both ways through reaction blading 
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to exhaust passages at either end of the casing. In 
double-flow turbines of this sort dummies are not re- 




quired, for the opposite flows balance each other and 
prevent end pressure on the shaft. 

Semi-Double-Flow Turbine. Fig, 112 shows what 
is called a semi-double-flow turbine. Here steam is 




Fig. 112 



first admitted to an impulse wheel and then to high- 
pressure reaction blading on one side. When it has 
ceased to act on this high-pressure blading, the current 
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is divided. One portion goes on acting through low- 
pressure blading at the end of the rotor toward which 
the current has been flowing, while the other portion 
passes through openings into the interior of the rotor, 
thence out through corresponding openings at the other 
end into another set of low-pressure blading. Here, 
again, a small dummy is necessary to balance the end 
pressure on the high-pressure blading, but the two low- 
pressure elements balance each other. 

The method of attaching reaction blading to the 
rotor, employed by the Westinghouse Company, is 
shown in Fig. 113 and Fig. 114. 

The blades are made of phosphor-bronze drawn to 
the proper section, heated, treated, and cut to length. 
The root ends, shown in 
Fig. 114, have a shoulder 
or lug, formed by an "up- 
setting" process, which 
rests in a groove of the 
same depth. The grooves 
in the rotor are dove- 
tailed in cross-section and 
have a small auxiliary 
groove of rectangular 
cross-section at the bot- 
t tom. The last-mentioned 
I grooves are those in ^ 
which the lugs at the 
roots of the blades rest. 
Steel packing pieces are 
Fig. 113 bevelled on the ends to 
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fit snugly in the dovetailed grooves. These fit in be- 
tween the blades and hold the' roots, with their lugs, 
firmly in place. Double wedges are used on one side 
of the dovetailed groove, to avoid the necessity of 




perfect fitting of the packing pieces. These wedges 
are carefully machined and are made to fill completely 
the space at the side of the dovetailed groove. Noth- 
ing less than a force capable of actually shearing the 
metal can dislodge the blades after they are once 
wedged into place. 

The outer ends of the blades are held apart and 
stayed by means of a heavy wire of "comma section." 
The blades are pierced by holes of comma section, and 
through these holes a comma-sectioned wire is threaded. 
After the ends are spaced exactly, by slight blows of a 
hammer, the tail of the comma is closed down against 
the body of the wire, as shown at the right, by means of 
pliers. The sharp edges of the comma-shaped hole cuts 
the tail at the right place and an efi'ectual brace is 
formed, which prevents any movement of the blades. 

All that has been said above about the securing 
of blades on the rotors applies equally to the Bxed 
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^_ blades which are practi- 
cally of the same number 
and shape as the mov- 
able blades. The fixed 
blades are secured to 
the inside of the easing, 
or cylinder in which the 
rotor revolves, and they 
must be just as carefully 
spaced and adjusted as 
the movable blades, in 
order that the fixed and 
movable sets may come 
very close together without anywhere touching even 
under shghtly unequal expansion, which sometimes oc- 
curs. 

Only the best of workmanship can be allowed on ro- 
tors and casings in the manufacture of steam-turbines. 
The Multiple-Stage Turbine. Fig. 115 shows a 
form of impulse turbine which is constructed on the 
principle that steam, escaping from a short straight 
orifice, loses only about one-half of its pressure — with 
a corresponding increase in volume. Instead of allow- 
ing full expansion in the nozzle, as in the De Laval 
type, the steam is first directed through a straight 
nozzle onto a double-bladed impulse wheel. On the 
same shaft as this impulse wheel are keyed several 
other impulse wheels, each one of which has longer 
blades than the one before it. Between the different 
impulse wheels, are steam-tight diaphragms so that 
the steam really passes into another closed vessel, after 
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passing through each successive wheel or rotor. An- 
other series of straight nozzles then directs the cur- 
rents to the next rotor. In this way the pressure is 
gradually stepped down and the velocity of the steam 
currents is at no time nearly so high as in turbines of 
the De Laval type. Much lower rotor speeds can thus 
be used; and it is often possible to connect generator 
rotors and other working parts with the turbine rotor 
shaft, directly. Fig. 115 is only a diagram for the pur- 
pose of showing the principle upon which this type of 
turbine works. The various parts are not accurately 
drawn to scale. Three straight nozzles — only one of 
which is shown in the figure — are generally used at the 
first stage. They are so arranged that one or aU can 
be used at a tune — as the load may require. Only 
three complete stages are indicated in the figure, but 
it is plain that the same system can be extended in- 
definitely. Six or more stages are commonly used. 

It will be seen that the hubs of the rotors fit closely 
tt^ether on the same shaft, and that the diaphragms 
are dish-shaped with holes in the middle large enough 
to admit the hubs of the rotors. The hubs are accu- 
rately machined, and packing-rings are used to make 
steam-tight joints between the hubs and the disks. 
Inasmuch as steam escapes from straight nozzles with 
fifty-eight per cent of its original pressure and a cor- 
responding increase of volume, each successive compart- 
ment must be supphed with something Uke twice the 
amount of nozzle capacity of the preceding one. In 
the diagram, this is indicated by enlarged cross-sections 
from left to right. In actual practice, however, the 
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increased capacity is generally secured by increasing 
the number of nozzles between the different compart- 
ments — from left to right. 

If tliree nozzles are used to admit steam from the 
boiler to the first rotor, six openings of about the same 
size, in the first diaphragm opposite the buckets of the 
second wheel, would be sufficient for the next stage. 
Double this number, or four times the original number 
of nozzles, would, in the same case, be needed for the 
third stage, and so on. The openings in the dia- 
phragms correspond, iu a way, to the fixed blades in a 
reaction turbine, but they do not, except in the last 
stage, extend to anything like the full circumference of 
the disk. 

Reaction turbines work well at comparatively low 
pressures; and it has been found worth while to install 
them, in many cases where reciprocating engines are 
in use, between low-pressure cylinders and condensers. 
In this way the heat contained in ordinary exhaust- 
steam may be utilized in further expansion, and 
made to add materially to the power of the steam 
plant. 

While great skill is required in the manufacture of 
turbioe engines, they are, when properly constructed, 
very easy to maintain. No internal lubrication ia 
required, so the water of condensation is always free 
from oil and ready to be again used in the boiler. 
Absence of heavy reciprocating parts insures smooth 
running at high speeds; and the power that can be de- 
veloped in a small-sized turbine, as compared with a 
reciprocating engine of like weight, is surprising. 
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Marine TmtBiNES. Steam-turbines have in recent 
years come to be preferred to reciprocating engines in 
certain classes of marine work, especially for driving 
fast ocean liners. 

The fastest ships are thus equipped, and a great 
saving of space over that required for reciprocating 
engines is thus brought about. The rotors on some 
of the big liners are 12 feet or more in diameter. The 
number of blades — ranging in length from about 2 
inches to nearly 2 feet — runs into the hundreds of 
thousands, and in some cases above one milHon. About 
the only disadvantage in the use of the steam-turbine, 
for marine work, is that turbine rotors are not revers- 
ible. So in great liners "astern turbines" are installed 
for stopping and backing. 

The largest Uners have four or more separate pro- 
pellers; and, inasmuch as astern movements, though 
often necessary in manceuvring, are not to be compared 
with ahead movements in importance, only one or two 
of these propellers need to be equipped with the astern 
turbines. Astern rotors are often attached directly to 
ahead rotora, in which case one is always idle while 
the other is working. 

We have seen that the steam-turbine is impelled by 
the momentum of the light molecules of steam moving 
at high velocity. Though the impulse given to a single 
blade is small, a million blades movii^ rapidly develop 
tremendous power. 

Though we can hardly conceive of steam as having 
weight, no amount of velocity without weight, or sub- 
etanee, would produce an ounce of energy. It may be 
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of interest to state that the actual weight of steam that 
passes through the seventy thousand horse-power tur- 
bine equipment of a great ocean liner amounts to up- 
ward of three hundred tons per hour. 

It is, indeed, strange that a principle like that em- 
ployed by Hero and Branca so long ago and pointed 
to by men of science for hundreds of years as incorrect, 
should, in these later years, have come to be recognized 
as equal in importance to that employed by Watt and 
his followers. 

It should not be forgotten, however, that both re- 
ciprocating and turbine engines depend for their ac- 
tion on the expansive power of steam: in one case 
through direct pressure, and in the other case through 
the momentum of steam particles caused by rapid ex- 
pansion. In both cases the expansion is caused by the 
heat which has first been generated by combustion of 
fuel under the boiler. This heat is first conveyed to 
the water in the boiler and finally into the steam which 
moves the engine. 

Let no one who has followed the descriptions and 
explanations of this and the previous chapters, but who 
has not gone into a thorough study of thermodynam- 
ics, think that he is fully equipped with knowledge of 
the steam-engine. Larger volumes than this have been 
devoted to discussions of single features, like valve- 
gears; and the abstruse works that deal with heat and 
thermodynamics fill whole shelves of technical libraries. 

While it is true that every well-equipped mechanical 
engineer should have a thorough knowledge of physics, 
mathematics, and mechanics, it is also true that many 
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of the important improvements of the modem steam- 
engine have been thought out by imtechnical engineers 
and mechanics. When once an important advance in 
the understanding of principles has been made, and 
machines put into use, it is often comparatively easy 
for ingenious but untechnical men to see where changes 
in details can be made to advantage. 

Saving of weight and space, smooth running, and 
economy of operation and maintenance, all tend to 
distinguish the steam-turbine as the steam-engine of 
the future. 



CHAPTER VII 

MEASUREMENTS OF POWER 

Force, energy, power and other like terms are often 
used interchangeably, but there is really a great differ- 
ence in their technical meaning. 

Force. Force is properly defined as any cause that 
produces, stops, changes, or tends to produce, stop or 
change the motion of a body. Gravity is a familiar ex- 
ample, and the pound has been adopted as the common 
unit of force. We speak of the "draw-bar pull" of a 
locomotive as so many thousand pounds, and of the 
pressure of steam as so many pounds to the square 
inch. The power of an engine is quite a different 
matter. Before defining power, however, some other 
terms should be explained. 

Work. Work is a term used to denote something 
accomplished by the application of force. It is cal- 
culated by multiplying the force by the distance through 
which it has moved against a known resistance. The 
raising of a weight of 1,000 pounds through a height of 
10 feet involves a certain amount of work ; the raising 
of 500 pounds to a height of 20 feet, or 10 pounds to 
the height of 1,000 feet involves the same amount of 
work. The work performed in raising 1 pound 1 foot 
is called a foot-pound. 

Energy. Energy is a term used to denote capacity 
for doing work. It may be either active or potential. 
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A body of water behind a dam possesses potential 
energy. Water moving a wheel, in its descent to a 
lower level, is a good example of active energy. 

PowEB. The power of an engine is the energy it 
can exert in a definite interval of time. It takes 
a certain amount of power to raise 1,000 pounds 
through a height of 10 feet, in one minute of time. 
It would take twice as much power to raise the same 
weight twice as high, m the same time — or the same 
weight, in half the time. 

Efficiency. There is a difference between the 
power exerted by an engine and the power that is trans- 
mitted from the engine to a distant machine doing 
useful work. The difference between the two is that 
part of the original power that is used up in friction 
and other resistance, in the engine itself and in the 
transmitting machinery. The ratio of the amount of 
power deUvered to the working part, as compared 
with that of the steam moving the piston, is called the 
efficiency of the machinery. It may be 90 per cent of 
the original power, more or less, according to the de- 
3 of perfection of the machinery. 

Horse-Power Kilowatts. The power, or capacity, 
of an engine is usually expressed in horse-power or in 
kilowatts. A horse-power is the amount of power re- 
quired to raise 33,000 jKJunda 1 foot high in one min- 
ute of time. 

This measure of power was fixed upon by Watt 
when he found it necessary to express the performance 
of his engines in terms commonly understood. It was 
supposed to be equal to the amount of power that 
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a Gtrong horse could exert in the same tune. Few 
horses could, however, continue such a performance 
for any length of time. The term kilowatt denotes a 
certain quantity of electricity generated in a minute 
of time. It is the common measure of electric genera- 
tors and is coming to be used as a measure of power 
generally. Seven hundred and forty-six watts equal 
one horse-power; a kilowatt, or 1,000 watts, is there- 
fore equivalent to about 1% horse-power. 

The power of an engine, as measured in the cylinder, 
is called the indicated power; the power delivered at 
the circumference of the driving-pulley is usually called 
the brake-power and is always something less than the 
indicated power because of the resistance that has to 
be overcome in the engine itself — as has been already 
explained. 

Calculating Horbb-Power. If we have a piston, 
of a certain number of square inches, moved by an even 
pressure of steam through a certain number of feet per 
minute, we can easily figure out the horse-power of the 
engine. For example, let us suppose that the pressure 
of steam, as indicated by the gauge, is 150 pounds per 
square inch; that the piston has an area of 50 square 
inches; that the length of the stroke is 1 foot, and the 
number of revolutions 120 per minute, then we will 
have 50 times 150 pounds or 7,500 pounds moved 240 
feet per minute or 1,800,000 foot-pounds per minute. 

Knowing that 33,000 foot-pounds per minute equal 
1 horse-power, we have, now, only to divide 1,800,000 
by 33,000 and we get 54% as the horse-power of the 
engine. If we let P stand for the pressure, A for the 
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area of the piston, L for the length of the stroke and N 
for the number of strokes per minute, we have the 
formula, 

H.P. (horse-power) = ^^^ 

Now, it makes no difference how the four quantities 
that are to be multiplied together are arranged, so we 
may transpose the A and L, and we have 

P-XLXAXN ^ PLjAN 

33,000 ' ^ ~ 33,000 

This is an easy formula, or rule, to remember — the 
letters of the word PLAN multiplied together and 
divided by 33,000. 

The size of the piston is usually given in terms of 
its diameter. In order to find the area of a circle 
whose diameter is known, the square of the diameter 
should be multiplied by .7854. To find the number of 
square inches, then, in a piston 8 inches in diameter, 
we should multiply 8 by 8 and the product by ,7854. 
The result will be 50.2656, a little more than 50K 
inches. 

The length of the stroke, too, is often given in inches; 
but in order to use our formula, it must be reduced 
to feet. If the stroke is 14 inches it must be put down 
as IJ^ feet. It must not be forgotten, too, that the 
length of the stroke is twice the length of the crank and 
that there are twice as many strokes as revolutions per 
minute. 

Suppose, then, we wish to find the horse-power of an 
engine, with a piston diameter of 8 inches and a crank 
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length of 7 inches, making 100 revolutions per minute, 
under steam pressure of 150 pounds per square inch. We 
have 

PLAN 150 X IH X 5014 X 200 



H.P. 



33,000 



33,000 



= 53%. 



This, it should be understood, is only a rough method 
that is liable to error, because it does not take into ac- 
count the variations of pressure in the cylinder. It 
is here assumed that the boiler pressure prevails in the 
cylinder, and that it is uniform during the whole stroke. 
These conditions seldom, if ever, occur. There is al- 
ways some loss of pressure whenever steam is conducted 
through pipes from a boiler to an engine several feet 
away, and the pressure is almost always less at the end 
of the stroke than at the beginning — -due to the cut^-ofF. 

If we could have a number of steam-gauges attached 
to the cylinder along its length, only an inch or so apart, 
and could read them as the piston passes along we 
could find the mean effective pressure by adding the 
readings aU together and dividing by the number of 
the gauges ; this, in effect, is what we are able to ac- 
complish by the use of an "indicator," 

The Indicator. Fig. 116, shows two views of the 
principal features of a steam-engine indicator, for 
reciprocating engines. 

It consists of a small steam-cylinder, about an inch 
in diameter, fitted with a piston which is held in place 
near the bottom of the cylinder by means of a spring, 
shown at the left. Attached to the piston-rod 
horizontal lever moving about a fulcrum, attached 
the side of the cylinder and carrying a pencil at 
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other end. A little to the right is shown another some- 
what larger cylinder which turns on a vertical axis. 
This eyhnder is kept from turning, when not in use, by 




Fig. UG 



means of a light spring on the inside which also serves 
to bring the cylinder back to its original position after it 
has been turned about its axis. Attached to the bottom 
of this cylinder, and wound partly around it, is a cord 
the other end of which is attached, when in use, to the 
cross-head of the engine or to some other piece actuated 
by the cross-head. There is also a device for holding a 
small sheet of paper on the cylinder so that it cannot 
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slip while the instrument is in use. The pencil is 
adjusted so that the point rests on the paper. 

The small cylinder, first described, is attached to 
one end of the engine cylinder by means of a small pipe 
and union joint provided for the purpose. A steam- 
cock, attached to the indicator, makes it possible to 
admit steam or to shut it ofif as desired. 

After the indicator is attached to the engine cylinder, 
the cord is fastened to the cross-head connection in 
such a way that the cylinder carrying the paper is 
made to move through nearly a whole revolution at 
every stroke of the engine. The pull on the cord 
moves the cylinder in one direction and the spring 
pulls it back during the return stroke. Before steam 
is admitted to the indicator, it is plain that the pencil- 
point will trace and retrace a horizontal line near the 
bottom of the sheet of paper as the holder is rotated 
back and forth. Now, let steam be admitted below the 
small piston of the indicator; the spring will be com- 
pressed and the pencil-point will be raised much or Ut- 
tle according as the pressure varies in the engine cylin- 
der. If the engine has a common slide-valve cutting 
off at about three-quarter stroke, the diagram traced 
by the pencil-point wiU be something like that shown 
in Fig. 117. At first 
the steam pressure 
will move the pencil 
quickly upward, and 
the left-hand verti- 
~cal line of 
Fig. 117 gram will be 
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At the beginning of the stroke the cross-head has no 
motion either to the right or left, so only a vertical 
Une will be traced. There is always greater pressure 
in the cyhnder at the beginning of the stroke than at 
any other point, due to pre-admission and compression, 
so the pencil-point will immediately begin to fall a 
httle, as the piston of the engine moves to the right 
and the sheet of paper is made to move with it by 
means of the cross-head and cord connection. As the 
engine piston continues to move toward the right, the 
pencil traces the top Une of the diagram. 

The line is nearly horizontal until the point of cut-off 
is reached, but it generally has a sUghtly downward 
slope due to a shght loss of pressure as the steam from 
the boiler is retarded in passing through the ports, and 
from other causes. The spring over the indicator piston 
immediately presses the piston back a little, whenever 
the pressure from below grows less. 

When the point of cut-off is reached and steam is 
no longer admitted from the boiler, the indicator pis- 
ton begins to fall rapidly and the pencil-point traces a 
parabohc curve which is continued as long as the steam 
is used expansively. When the exhaust-port is opened, 
there is a rapid fall of pressure, indicated by the almost 
vertical drop of the extreme right-hand end of the 
diagram. 

The cross-head now begins to move back toward the 
left and the pencil traces a horizontal line indicating no 
pressure until the piston reaches a point near the left 
limit of its stroke. This indicates the point where the 
exhaust-port is closed, and steam is beginning to be ad- 
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mitted (or the next right-hand stroke. In describing 
the action of the slide-valve engine, it will be recalled, 
mention was made of the necessity for opening the 
steam-port slightly before the beginning of the stroke. 
This is accomplished by giving "lead" to the valve. 
Indicator diagrams show plainly where the pre-admis- 
sion occurs by the sudden upward turn of the line that 
is being traced by the indicator pencil as the exhaust 
line of the diagram. The piston and cross-head con- 
tinue to move to the left, and this tends to compress 
the steam that is being admitted together with any 
exhaust-steam that may still remain in the cylinder 
after the exhaust passage is closed. 

If there is too much pre-admission and compression, 
the pencil will indicate it by a high point at the upper 
left-hand corner of the diagram. 

Thus we see how a properly adjusted indicator can 
be made to show just how the steam is behaving in the 
cylinder. By applying the indicator to the opposite 
end of the cylinder, a diagram of the opposite stroke 
can be obtained. This provides an easy way of find- 
ing out whether the shde-valve is properly set; for the 
diagrams of the two ends should correspond in shape. 
If there is a difference in the cut-off, or more lead at 
one end of the cylinder than at the other, the indicator 
diagram will clearly show the discrepancy. Indicator 
diagrams are used to determine the mean effective 
pressure that has been exerted by the steam during the 
stroke. The horizontal lines of the diagram bear a 
certain relation to the stroke and the vertical lines to 
the pressure in the cylinder. By using proper scales of 
measurement, the area of the diagram may be taken as 
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a measure of the energy expended by the steam in 
movmg the piston. The greater the area of the dia- 
gram, the greater the energy expended; but a diagram 
of large area does not always indicate economy in the 
use of steam. On the contrary, if the diagram is nearly 
rectangular, and of the largest possible area, it indicates 
that steam at boiler pressure has been admitted through 
practically the whole stroke, and that waste of steam 
has occurred because of failure to employ its full ex- 
pansive force. An indication that steam had been used 
economically would be an early cut-off and a smooth 
parabolic line running to a low point before the exhaust 
occurs. 

Again, the rounded left-lower comer, due to pre- 
admission and compression, does not necessarily in- 
dicate a poor diagram, for, notwithstanding the fact 
that it subtracts from the area of the diagram, it shows 
necessary back-pressure, that must be exerted in order 
to bring the piston and other moving parts to rest be- 
fore the next stroke begins. Springs of various de- 
grees of tension are used for high and low pressures, 
and the indicator sheets are ruled to correspond, so that 
the height of any portion of the indicator outhne above 
the horizontal line of no pressure, made before steam ia 
admitted to the indicator, indicates the pressm-e in the 
engine cyhnder at 
that particular mo- 
ment of the stroke. 
The bottom line, 
corresponding to the 
next, or backward " 
stroke of the en- 
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gine, indicates back-pressure. This back-pressure must -I 

be subtracted in getting the mean effective pressure. 
By dividing tlie diagram into sections by means of ver- 
tical lines, as indicated in Fig. 118, and putting down to 
proper scale the pressures, less back-pressure, indicated 
by the distance between the two points where the top 
and bottom lines of the diagram cross the vertical hnes, 
then adding these all together and dividing by the num- 
ber of vertical lines, a very close approximation to the 
real mean effective pressure of the entire stroke can be , 
obtained. 

In applying the formula 

33,000 

this mean effective pressure should be used as the value ] 

of P, rather than the boiler pressure. 

Fig. 119 shows the kind of diagram that is obtained 

from a Corliss engine, cutting off early in the stroke 
and moving rather slowly. 
Fig. 120 shows a diagram 
from a quick-running en- 
gine where it is necessary 
to use high compression in 
order to bring the rapidly 1 
moving piston and its con- 
nections quickly to rest | 
before the beginning of the j 

next stroke. An indicator, such as has been described, 

cannot, of course, be used on a turbine engine, 

Brake Horse-Power. It has already been stated I 

that there is a cot^derable loss of power between the j 
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piston of a reciprocating en- 
gine and the rim of the driv- 
ing pulley. The power de- 
livered at the working end of 
the engine is, of course, of 
greater concern to a manu- 
facturer than that generated 
in the cylinder, for it is the 
only part there can be made 
use of. But the indicated power is developed by blam- 
ing fuel, and it is important to know that no more of 
this power is being absorbed in driving the engine it- 
self than is absolutely necessary. In other words, the 
efficiency of the engine is of great importance and it 
can only be determined by dividing the brake horse- 
power by the indicated horse-power. Both for the pur- 
pose of determining the efficiency of the engine and the 
amount of useful work it is capable of performing, the 
brake horae-power of every engine should be known. 

-4^ 




Fig. 121 shows the construction of a common device 
for measuring brake horse-power. It consists of a 
lever, usually of wood, attached at one end to a fric- 
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tion brake and at the other to a spring balance. The 
brake is usually made of a series of blocks of wood held 
in place against the run of the drivoJig pulley by means 
of rods or chains fastened to the lever, as shown in\" 
Fig. 121. Between the top of the pulley and the lever- 
arm there is a block of wood fitted to the shape of the 
pulley and fastened to the lever-arm. By turning the 
nuts at the ends of the rods the brake may be tightened 
as required. The spring balance at the other end is 
attached to a solid foundation. 

The brake should be adjusted so that the engine at 
full power can turn the driving pulley at working speed. 

The spring balance will then indicate the amount of 
pull at the end of the lever-arm. That is to say, we 
have the amount of resistance to turning that exists 
at that point; but the resistance at the surface of the 
driving pulley is as many times greater than that 
measured by the spring balance as the distance from 
the centre of the shaft to the point where the spring 
balance is attached is greater than the haK diameter of 
the driving pulley. 

If the former be eight times the latter, the resistance 
at the surface of the driving pulley will be eight times 
that registered by the spring balance. 

The rim speed of the driving pulley, in feet per 
minute, may be easily calculated from the number of 
revolutions of the engine, and thus the work being done, 
in foot-pounds, can be ascertained. The number of 
foot-pounds per minute divided by 33,000 gives the 
brake horse-power. 

If it is desired to know the efficiency of the engine it 
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may be found by dividing the brake horse-power by tiie 
indicated horse-power. 

In testing brake horse-power, by means of such a 
device as that shown in Fig 121, it is well to take a 
considerable number of readings— spring balance read- 
ings and number of revolutions per minute — and to 
take the average of all the readings for the final result. 
No account has here been taken of the amount of energy 
converted into heat by the friction of the blocks on the 
rim. More accurate tests can be taken by more com- 
pUcated apparatus, where there is provision for ab- 
sorbing the heat, due to friction, by water. The num- 
ber of degrees that a given quantity of water is raised 
in temperature, in a given time, may be taken as a 
measure of the energy that has been converted into 
heat. This should be added to the energy that is doing 
work at the surface of the driving pulley in order to de- 
termine the full amount of energy developed at that 
point. 

The effective power of electric-hght engines is easily 
measured by the number of kilowatts of electricity 
generated. Engines designed for other purposes are 
often temporarily connected up with lighting systems, 
for the purpose of measuring their working power. 
Inasmuch as 746 watts correspond to 1 horse-power, it 
is an easy matter to calculate horse-power from watts 
or kilowatts. 



CHAPTER Viri 

GAS-ENGINES 

The great disadvantage of the steam-engine, as a 
means of converting the heat of steam into mechanical 
energy, lies in the fact that the real som'ce of enei^, 
namely, the combustion of fuel under the boiler, is so far 
away from the point of application. The heat gener- 
ated by combustion is only partially conveyed to the 
steam, and some loss always occurs in conducting steam 
from the boiler to the engine. If it were not for the fact 
that comparatively inferior grades of fuel can thus be 
made to yield energy, this method would have Uttle to 
recommend it, as compared with that employed through 
the use of internal-combustion engines, where the heat 
of combustion is directly utilized in the creation of 
energy. The explosion of gas in the cylinder of a gas- 
engine is just as truly the combustion of fuel as the 
burning of coal under a steam-boiler. Highly con- 
centrated fuel, in the form of gas, is mixed with air 
and fired through a succession of explosions, instead 
of by the slow combustion of coal in an ordinary furn- 
ace. 

Fig. 122 shows, diagrammatically, one of the simplest 
forms of an internal-combustion engine, where the fuel 
is ordinary city gas and no electrical device for firing is 
employed. A cylinder, usually of cast iron, is con- 
nected at one end with a combustion-chamber and 
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open at the other. The cylinder and combustion-cham- 
ber are surrounded by a water-jacket, the necessity 
for which will be later explained. The combustion- 
chamber is supplied with a system of valves which are 
usually operated by cams driven by the engine itself. 
One of these valves controls the supply of gas, another 
admits a mixture of gas and air to the cylinder, and the 
third controls the exhaust. A single-acting piston, of 
the trunk variety, operates a crank through the medium, 
of a direct-acting connecting-rod. The crank is usu- 
ally supplied with a counter-weight, and a heavy fly- 
wheel of small diameter is an important feature. The 
cyUnder and piston are, of course, carefully machined 
and fitted, and several cast-iron piston-rings are used 
to make a gas-tight joint between them. 

The method of operation is quite different from that 
of the steam-engine. 

The type now under consideration is known as the 
four-cycle engine. The number, four, refers to the sep- 
arate events that take place during a single cycle. 
That is to say, the drawing in of the charge, its compres- 
sion, its firing, and the exhaust complete the cycle 
which requires four strokes of the piston, or two revolu- 
tions of the engine. 

The top figure shows the piston moving toward the 
right, with the gas and air valves open and the exhaust- 
valve closed. This stroke of the engine, which in the 
case of one cylinder depends entirely on the inertia of 
the fly-wheel, draws in a charge made up of a mixture 
of gas and air controlled by the gas and air valves. 

When the piston reaches the outer limi t of its stroke, 
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the gas and air valves suddenly close and the inertia 
of the fly-wheel continues its work by forcing the piston 
back, as shown in the second figure from the top. 
When the piston has been moved to the limit of its 
stroke in this direction, the whole charge will be com- 
pressed into the combustion-chamber directly over the 
valves. This charge, which consists of a mixture of 
gas and air in the right proportions for rapid combus- 
tion, is heated by compression but not sufficiently to 
cause ignition. Attached to the combustion-chamber, 
in this simplest of all forms of the gas-engine, is a small 
, tube, closed at the outer end. Under the closed end of 
this tube a gas-jet is kept burning, which makes the 
tube quite hot. A portion of the compressed charge is 
forced into the tube, and the heat causes the mixture 
to explode. This explosion, which is nothing more nor 
less than the rapid combustion of gas in the air that is 
mixed with it, generates a large amount of heat, which 
immediately becomes available for power, as it expands 
the products of combustion and forces the piston to the 
right, as shown in the third figure from the top. This 
is the working stroke, which not only moves the ma- 
chinery, with which the engine is connected, but stores 
up enough enei^y in the fly-wheel to carry the piston 
back and forth three times, in preparation for the next 
working stroke. 

When the piston reaches the outer limit of the work- 
ing stroke, the exhaust-valve opens, as shown in the 
bottom figure of the diagram. The gases that have 
been moving the piston now suddenly rush out through 
the exhaust, and the piston, through the action of the 
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fly-wheel, follows up the escaping gases and comes into 
the position required for the charging stroke. We 
have now traced the movements through an entire 
cycle and the general principle of action should be 
clear. 

It must, of course, be understood that the diagrams 
illustrate only the main principle of action, and that 
actual working machines are more fixiished in detail. In 
the first place, the valves and the mechanism which 
actuates them must be so carefully proportioned and 
adjusted that the right quantities of gas and air shall 
be admitted to the cyUnder during the charging stroke. 
Again, these valves must close at the proper instant 
and fit so perfectly that none of the charge or " mix- 
ture " may leak through during the compression stroke. 

Where an ignition tube is used, the gas fiame roust 
be so adjusted that the tube will be heated to the right 
temperature to ignite the charge at the right instant, 
namely, when the piston has nearly reached the limit 
of the compression stroke. It is customary to use some 
sort of protection to the flame, so as to insure contact 
between the flame and the tube under all conditions; 
and the flame itself is carefully adjusted by means of 
a regulatiog gas cock. In modem practice, magnetos, 
timers, and spark-plugs are nearly always substituted 
for the ignition-tube. 

Long trunk pistons, like that shown in the diagram, 
afford ample room for a number of piston rings, which 
are usually of the simple cast-iron spring variety. 
Small engines are commonly equipped with two or 
three sets only, but large gas and gasoline-engines 



GAS-ENGINES 



183 



sometimes have eight or more of these rings. It must 
be evident that any gas that leaks past the valves or 
piston rings is entirely wasted. 

Conical valves, like those shown in the diagram, 
are generally used because they are less affected by 
heat than most other kinds. That is to say, a sHght 
degree of unequal expansion between a conical valve 
and its seat does not materially affect the fit of the 
valve. Moreover, conical valves can be easily removed 
for inspection and be ground to their seats when they 
become worn. 

The pressure exerted by an exploding charge, of gas 
and air, often runs as high as three hundred or even 
five hundred pounds to the square inch. Strong 
cylinders and moving parts are, therefore, necessary to 
avoid fracture and serious accidents. Pistons, con- 
necting-rods, and cranks are usually much stouter 
than those used in connection with steam-engines, in 
order that the shocks of the explosions may be trans- 
mitted to the driving-shaft without damage. The 
pressiu-e rapidly falls after the piston begins to move 
forward on its working stroke, so the cylinder does not 
need to be extremely heavy except near the head. 
Here, too, the flanges and piston head serve to reinforce 
the cylinder at the point where the greatest strength 
is required. 

The combustion-chamber needs, to be very strong 
because it must withstand the fidl shock of the ex- 
plosion, but here, again, the small diameter makes it 
xmnecessary to use great thicknesses of metal. Often- 
times a separate " liner " is used to take the shock of the 
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explosion and the wear of the piston. Whenever this 
is done the hner is made thicker, and protected by out- 
side flanges, at the explosion end. 

Another important adjunct is the water-jacket. 
The temperature of an exploding chaise is very high — 
ahnost equal to that necessary to melt iron — so it is 
necessary to provide some means of conducting away 
this eseessive heat to prevent the destruction of the 
engine. Water, circulating between the inner and outer 
shells of the cylinder and combustion-chamber, is com- 
monly used for cooling purposes. 

A centrifugal pump is generally used to keep this 
cooling water in constant circulation through water- 
jacket, piping, and radiator. The radiator is usually 
made of thin pieces of sheet metal brazed together in 
such a way as to form a cellular structure with a large 
amount of surface compared with its cubical capacity. 
In this way the cooling water is exposed to the air 
and gives up a large portion of its heat before it is 
again circulated through the water-jacket. A fan is 
generally used to keep a current of air constantly pass- 
ing over the radiator to facilitate the cooling process, 

The water-jacket does not need to cover the extreme 
outer end of the cylinder, for the hot gases never come 
in contact with that end because of the long piston. 
The outer end of the cyhnder serves as a guide and is 
generally just long enough to cover the piston when 
in its extreme position. Lubrication of the piston, 
and other moving parts, is very important. Oil that 
would be suitable for lubricating steam-engine pistons 
cannot be used because of the excessive heat. There 
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are, however, certain kinds of mineral oil, derived from 
petroleum, that will withstand the high temperature 
of internal-combustion engines and at the same time 
furnish proper lubrication. 

It may seem, on first thought, that the power used 
on the compression stroke is wasted, but a little con- 
sideration will make it clear that this is not altogether 
so. The heat that is generated by compression is 
utilized, in part at least, in giving added energy to 
the working stroke; and the concentrated charge is 
much more powerful than a mixture of gas and air at 
atmospheric pr^sure would be, so there is a real gain 
when we take into consideration the entire cycle. 

One objection to the ordinary gas-engine, in former 
years, was that it could only be used in localities where 
city gas was available. 

In recent years, however, it has become quite com- 
mon to install small gas plants for the sole pmpose of 
furnishing gas for gas-engines. These plants are 
called "producers" and they usually occupy less space 
than ordinary steam-boilers of like capacity. 

The Gas-Producer. A gas-producer is a rather sim- 
ple device. Its essential parts are few and not very 
complicated. 

If a large bed of coal is placed on a fire at one time, 
blue flames will not infrequently be seen playing over 
the surface of the partially heated, but still black, coals 
of the upper layer. This is burning carbon monoxide 
which has been formed by the passage of the first 
products of combustion through the mass of coal that 
overlay the hottest part of the fire. 
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When coal is burned with an ample supply of air, 
as it is in an ordinary grate over an ash pit, carbon 
dioxide is formed. That is to say, one molecule of 
carbon unites with two of oxygen. 

As this gas rises through the hot coal, to make its 
escape up the smoke-stack or chimney, it takes up an- 
other molecule of carbon; and we have two molecxUes 
of carbon for every two molecules of oxygen — or one- 
to-one instead of one-to-two, as originally. When this 
new gas arrives at the surface, where there is a better 
supply of air, it takes up another molecule of oxygen 
which again produces the original dioxide. This latter 
process is what we observe when we notice the blue 
flame on top of the coal. If we were burning coal 
under a boiler, the extra heat, produced by the burning 
of this monoxide, would add materially to the heating 
effect, and would be desirable. If, however, air is 
kept from circulating, over the surface, of the bed of 
coals and this gas is gathered into a tank, it will serve 
as a fine gas-fuel supply. This is the principle of liie 
gas-producer: the production of monoxide from dioxide 
and its collection above the fire for use as a gaseous fuel. 

Of course there is a large amount of nitrogen — four- 
fifths of the entire weight of the air admitted under the 
fire— which also rises through the fuel but is unchanged 
by the passage. This nitrogen finally becomes mixed 
with the monoxide and the two pass off together as 
"producer gas." Various impurities are afterward ex- 
tracted by a "scrubber" which is situated between the 
producer and the storage tank, or gas-engine. 

After it has passed through the producer and scrub- 
ber, the gas is ready for use as a gas-engine fuel. 



I 




GAS-ENGINES 



187 



In the early eighties of the last century, producer 
gas, made by this simple process, was first used to drive 
gas-engines, and it was found that a given amount of 
coal would produce quite satisfactory results, when 
used in this way. A few years later, it was found that 
a much improved gas, for such piuposes, could be made 
by blowing a certain amount of steam through the fuel 
while the carbon monoxide was being generated. 
"Water-gas" was thus formed which mixed with the 
ordinary producer gas and added greatly to its quaUty 
for use in internal-combustion engines. 

In the older forms, the producers fwced the gas into 
the engine, so to speak, and much gas was often 
wasted. In modem installations the engine sucks gas 
from the producer, and only uses what is necessary for 
its operation. 

Fig. 123 is a sectional view of a modem suction- 
producer, using anthracite coal. 

The producer proper is shown at A. It consists of 
a steel drum, lined with fire-bricks, having a hopper at 
the top through which the fuel is fed, and a peculiar 
grate at the bottom through which the air flow is easily 
regulated. 

Near the top of the producer is a short pipe leading 
into the top of the vaporizer, B. The vaporizer is an 
improved apparatus for adding steam, or water-gas, 
to the flow before the combined gases reach the scrub- 
ber, C. The vaporizer contains two or more vertical 
iron pipes with ribs or flanges cast on the outside, to 
increase the heating surface. These pipes are con- 
nected at the top with a small water-supply, and one 
of the pipes is open at the bottom for the escape of 
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the water-gas. The vaporizing pipes are contained in 
a vertical drum, having a funnel-shaped bottom, which 
opens downward into a pool of water which forms a 
seal. Near the bottom of the funnel is a branch pipe J 
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which connects with the bottom of the scrubber, C 
The scrubber is merely a tall steel cyUnder with two or 
more perforated bottoms, which support quantities of ' 
coke at different levels. The bottom of the scrubber 
is higher than the bottom of the vaporizer, so that it 
will readily drain into it. The scrabber is a very neces- 
sary part of the apparatus, as it collects the dust that 
escapes from the producer, with the gas, and prevents 
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it from getting into the engine. To the top of the scrub- 
ber is attached a large pipe for conducting the gas to a 
receiver, from which the engine draws its supply. 

At the top of the scrubber is a water-sprayer, from 
which water is constantly dripping into the coke. 
The water percolates downward and reaches the first 
perforated bottom. It drops through this into the sec- 
ond body of coke and finally reaches the last perforated 
bottom and falls into a shallow pool, at the bottom of 
the scrubber which overflows into the pool at the 
bottom of the vaporizer, as indicated. 

The reason for using different layers of coke in the 
scrubber is to make it easy to remove foul coke without 
it being necessary to remove all the coke in the scrubber. 

The lower layer, of course, needs to be renewed 
oftener than the upper one, because it takes the dust 
from the gas as it first issues from the producer. In 
falling from the bottom of the scrubber to the lower 
level, the water which has passed through the scrubber 
meets "baffle-plates" and forms a thin sheet through 
which the gas must pass as it goes from the bottom 
of the vaporizer to the bottom of the scrubber. 

The slowly burning coal, at the bottom of the pro- 
ducer, is supplied with the right amount of air for the 
formation of dioxide — the usual product of burning coal. 
This dioxide, together with the released nitrogen of the 
air, must ascend through the heated mass of coal above, 
where it takes up more carbon and becomes monoxide — 
as has been previously explained. This heated gas 
escapes, through the short pipe at the top, into the top 
of the vaporizer drum. Here it serves to heat the water 
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contained in the vertical corrugated pipes. It then 
passes downward, where it is mixed with the water-gas, 
at B, and passes through the water-spray into the bot- 
tom of the scrubber. It next ascends through the 
body of coke, where it is purified of dust, and then passes ' 
into the large supply pipe. A partial vacuum main- 
tained in the receiver, at the right, produces a constant 
suction, and keeps the gas moving through the vapor- 
izer and scrubber as fast as it is produced. 

This apparatus is much safer than the older pressure 
apparatus, for the suction tends to draw inward any 
gas that might otherwise escape from a leaky joint. 
Carbon monoxide is a very dangerous gas to inhale, 
for, while poisonous, it has no odor by which it caa 
be detected and victims are often overcome before they 
are aware of their danger. 

The producer just described is arranged for the use 
of anthracite coal only. Soft-coal producers are more 
complicated than that just described, for provision has 
to be made for extracting tar, which all soft coals con- 
tain. This tar would gum up the engine and seriously 
interfere with its operation if allowed to pass over with ' 
the gas. Soft coal is so much more abundant, and so 
much cheaper, than anthracite that it is used in pro- 
ducers wherever possible. The tar, coke, and other 
by-products of the producer, are of course, valuable, 
and when sold their value should be subtracted from 
the original price of the fuel. 

It is, indeed, surprising how small a quantity of 
coal is needed to keep up a supply of gas for an efficient 
gas-engine. 
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Gab-Engine Governor. There are many different 
devices for regulating the admission of gas and air to 
the combustion-chamber of gas-engines and governing 
tiie speed of the engine under variations of load. Fig. 
124 shows a gas-ei^ne governor that acts directly on 




the gas and air admission-valves, which in this case are 
mounted on a single stem. 

Instead of using eccentrics, gas-engine admission- 
valves and governors are usually driven by means of 
cams on shafts geared to the main shaft and running 
parallel to the axis of the cylinder. An end view of 
such a shaft is shown in Fig. 124, near the right. This 
shaft carries a cam which operates the long arm of a 
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bent lever. Below the short arm of this lever, and 
actuated by it, is another, of similar shape, turned in 
the opposite direction. The long arm of the latter 
operates the valve-stem, which is ordinarily held down 
by means of a coil spring. The lower valve admits 
gas, which mixes with air just below the main induction- 
valve. This valve opens directly into a combustion- 
chamber attached to the cylinder of the gas-engine. 
It will readily be seen that the cam raises the long arm 
of the lever, first described, and that the short arm of 
this lever presses on a small piece of steel which in 
turn presses against the short arm of the lower lever, 
so as to raise the long arm and the valve-stem with 
which it is connected. 

If the piece of steel were neither raised nor lowered 
the valves would be raised the same distance each time 
the cam came around, which, by the way, is only once 
for every two revolutions of the engine. 

But the charge should vary with the load on the en- 
gine, and this variation is accomplished by the action 
of an ingeniously constructed governor, mounted over 
the cam-shaft. As the speed increases, due to a light 
load, the balls move outward, and this raises a hori- 
zontal lever-arm pivoted to the base of the governor 
standard. Attached to this lever-arm is a Ught rod, 
the lower end of which supports the small piece of steel 
between the levers that operate the valves. The short 
arm of the governor lever is connected with a small 
dash-pot, to prevent a too sudden movement of the 
lever. 

As the balls of the governor move outward and 
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lever is raised, the small piece of steel is also raised be- 
tween the smooth flat surfaces of the valve lever-arms. 
As the piece of steel is raised the effect is to shorten the 
arm of the upper lever and to lengthen the arm of the 
lower lever. A little consideration will make it clear 
that this will shorten the movement of the long arm 
of the lower lever and allow a smaller opening of the 
valves. 

In case the speed of the ejigine, under a heavy load, 
drops too low and the governor valves fall, the piece 
of steel will be lowered and the valves will be opened 
wider and a heavier charge will be admitted. 

Thus a regular motion derived from the action of a 
cam may be varied by a governor to meet the demands 
of a heavy or Ught load on the engine. This is only one 
of many ingenious devices for regulating the speed of 
gas-engines. 

Small engines are usually equipped with a very sim- 
ple " hit-or-miss " device which is actuated by a 
governor in such a way that no charge is admitted 
when the speed exceeds a certain number of revolu- 
tions. The fly-wheel is depended upon to keep up 
the motion until the next charging stroke comes 
around, when the speed will generally be reduced suffi- 
ciently to allow the governor to act in such a way as 
to allow the induction-valve to open. 

This is, of course, an imperfect method of govern- 
ing the speed of a gas-engine, and is not well adapted 
to situations where smooth running and slight varia^ 
tions of speed are important considerations. 

One objection to gas-engines is the difficulty of start- 
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ing them. We have seen that the reciprocating steam- 
engine has two dead centres, from which it cannot be 
started by direct steam pressure, but this difficulty is 
overcome by using care in not allowing single-cylinder 
engines to come to rest on an exact dead centre, or by 
placing the cranks at right angles to each other where 
two cylinders are used — as in the case of the locomo- 
tive. 

The gas-engine is not only subject to the same ob- 
jections as the steam-engine with regard to dead cen- 
tres, but, with single-acting cylinders and only one work- 
ing stroke in four, it is far more difficult to have all 
conditions right for easy starting than in the case of 
the steam-engine. 

Starting Devices. Heavy fly-wheels are almost 
always necessary. In the case of a small engine the 
fiy-wheel may often be turned by hand through a 
suction and a compression stroke when the sparking 
device ignites the charge and the engine starts by its 
own power. This is not so easily done, however, in 
the case of a. large en^ne, and other means have to be 
employed. 

Sometimes mortises are cast in the rim of the fly- 
wheel in which a steel bar can be worked to move the 
crank past a dead centre; in other cases, a hand wheel 
is made to operate a pinion that works in gearing on the 
under side of the fly-wheel rim. The pinion is, of course, 
arranged so as to be easily thrown out of gear when the 
engine is once started. A tank of compressed air is 
usually provided for starting the pistons of large gas- 
engines. When the heavy fly-wheel has once been set 
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in motion with sufficient speed to carry the piston 
through a compression stroke, the compressed air is 
suddenly shut off and an explosive mixture is drawn in 
instead. The next stroke being a working stroke, the 
engine will usually begin immediately to "pick up" 
under its own power. 

Gas-engines, like steam-engines, are often built 
with more than one cylinder; sometimes they are 
equipped with double-acting cyUnders, but even then 
they are more difficult to start than steam-engines, be- 
cause every stroke is not a working stroke. 

So far we have considered only the four-cycle type, 
but gas-engines are sometimes constructed to operate 
on what is called the "two-cycle" principle. 

As we have seen, the four events of the four-cycle 
type are: charging, compressing, firing, and exhausting. 
In the two-cycle type the events are consohdated, so to 
speak. The chaise is admitted under pressure dur- 
ing the latter part of the exhaust stroke, and this is 
followed immediately by a working stroke. 

While there is an advantage in having twice as 
many working strokes aa in the four-cycle type, there 
is this disadvantage : the explosive mixture of gas and 
air is apt to be contaminated by mixture with the 
burned gases of the exhaust, and less energy is developed 
than where a purer mixture is used. "Baffles" aroused 
to prevent the mixture of the entering charge with the 
exhaust, but they are never wholly effective. Two- 
cycle engines are less sure in their action — because of 
impurities becoming mixed with the charge — than the 
four-cycle type, but they are lighter and more simple. 
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and therefore cheaper. Two-cycle engines are often 
arranged so that the mduction and exhaust ports are 
opened and closed by the action of the piston alone; 
in such a case no valve-gear is necessary. 

The two-cycle engine will be more fully explained 
in the next chapter. 
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No invention of modern times has been more gener- 
ally and successfully applied than the gasoline-engine. 
Steam-engines have filled the need where very powerful 
prime movers were required— particularly in situations 
where bulky fuel, like coal, could be readily obtained ; 
gas-engines have come to be used extensively where 
the lighter fuel is available or conditions favor its 
manufacture on the spot; but gasoline-engines are in 
use, not only in busy centres and alongside of other 
motors, but in out-of-the-way places, on farms, on the 
water, and anywhere that the convenient fuel, gasoline, 
can be found; and where in this wide world can one go 
that the Standard Oil Company, or some other dealer 
in this useful commodity, has not placed its product 
on sale! 

Wherever a small amount of power is needed, in 
situations where coal is scarce or not easily transported 
and where considerable investments in power-plants 
do not seem advisable, the gasoline-engine is supply- 
ing to-day a wide demand. 

The farmer is fast substituting gasoline for animal 
power in the multiform work of the field, the dairy, and 
the farmstead. Every busy waterway is alive with 
small craft propelled by this convenient power; and, 
not only are city streets and many country roads 
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crowded with gasoline-driven automobiles, but even the 
air is becoming more and more alive with the hxaa of 
the airplane motor. 

Who would have believed a few years ago that we 
would be witnessing to-day engines of over four 
hundred horse-power propelling themselves through the 
air with no other support but that which the atmosphere 
itself offers to rapidly moving bodies ! 

Twelve-cylinder Liberty Motors weighing eight 
hundred and fifty pounds were in use at the close of 
the great World War, capable of carrying much more 
than their own weight through the air at the rate of 
about two miles per minute. 

The secret of the almost universal application of the 
gasoline-engine lies in the fact that it uses an extremely 
concentrated and comparatively inexpensive fuel with 
remarkable efficiency and little waste. By means of 
internal combustion the fuel is used exactly where it is 
needed to produce immediate results. Comparatively 
little attention is required to keep a gasoline-engine 
supphed with fuel, and almost any person can learn to 
run one. 

After all, however, the modem gasoline-engine is 
not a simple machine, and not every person who is 
able to keep one running under favorable conditions 
can tell exactly what is the matter when something 
goes wrong. The gasoline-engine has reached a high 
stage of perfection, but the progress of its development 
has been gradual. It is only as the result of much 
study and experimentation that we have such a useful 
and easily controlled source of power. It has many 
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forms and is usually accompanied by various acces- 
sories, but its vital and essential parts have now as- 
sumed something like standard forms. 

Its prmeiple of action is the same as that of the gas- 
engine, already explained. It is, in fact, a gas-engine, 
but one in which the gas is neither suppUed by city 
mains nor by "producers," but generated within the 
engine itself — that is to say, in a carburetor attached 
to the engine between the gasoline tank and the cylin- 
der. The carburetor is one of the most vital parts of a 
gasoline-engine, and its construction wUl be taken up 
later in this chapter. 

The cylinders and pistons of gasoline-engines do not 
differ essentially from those already described under 
gas-engines. 

They are almost always single-acting, heavy and 
strong at the closed end, where the explosion occurs, 
and surrounded by a water-jacket for the purpose of 
preventing overheating. 

While in gas-engines, such as we have been studying, 
combustion-chambers of considerable size are desirable 
and necessary, in gasoline-engines small combustion- 
chambers are considered better than lai^e ones, as 
it is desirable to have the charge concentrated as much 
as possible and the point of ignition very close to the 
piston. 

Like the gas-engine, the gasoline-engine derives Its 
energy from the ignition of a combustible gas mixed 
with air, which has previously been compressed into a 
small space above the piston. The process of getting 
the combustible charge into the cylinder of a four- 



200 



THE STORY OF THE ENGINE 



cycle gasoline-engine is like that already described in 
the last chapter. The action of the fly-wheel causes 
the piston to move outward, and this causes suction 
which draws the charge, through the carburetor, into 
the cylinder. Then the valves close, the piston moves 
back and compresses the charge, and, finally, the charge 
is ignited and moves the piston forward on its working 
stroke. The exhaust-valve then opens, and the im- 
pulse of the fly-wheel carries the piston back toward 
the head of the cyUnder — ready for the beginning of 
another suction stroke. 

Reference again to Fig. 122 and the accompanying 
description in the previous chapter, will make clear 
just what occurs at each of the four stages of the cycle; 
suction, compression, filing, and exhaust. Four strokes 
in each cycle and only one of these a working stroke ! 
Not only is there but one working stroke, but the three 
other strokes consume enei^y which must be sub- 
tracted from that given out during the working stroke 
before we have a net result that can be applied to use- 
ful work, 

A heavy fly-wheel is, of course, necessary as well as 
a powerful explosion on the working stroke. The fly- 
wheel must absorb as much of the energy of the work- 
ing stroke as is necessary to carry the piston through 
three other strokes against the resistance — first, of 
back-pressure from the exhaust, next against atmos- 
pheric pressure in producing suction, and, finally, 
against the resistance to compression, on the third 
stroke, which is the greatest of all. Small but heavy 
fly-wheels are used as they are better calculated, than 
large ones, to take up the energy of a sudden impulse 
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and distribute it over non-working strokes. We can 
hardly call the non-working strokes "idle strokes," 
for they are performing useful service in preparing 
necessary conditions for the final working stroke. 

Neither is the energy wasted that is employed in 
compressing the charge preparatory to the working 
stroke, for, as ha,s previously been stated, the extra 
force of a compressed charge more than makes up for 
the energy consumed in compressing it. 

The Four-Cycle Gasoline-Engine. Fig. 125 is a 
sectional view of a four-cycle gasoline-engine with the 




T-type of cylinder. The fly-wheel, carburetor, timing 
and lubricating devices are omitted for the sake of 
clearness. 
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The cylinder has two projections on opposite sides 
of the head, like a letter T, one of which carries the 
inlet valve and its gearing and the other the exhaust- 
valve. These two projections, together with that 
part of the cylinder which is not filled by the piston 
when at the upper limit of its stroke, form a small 
combustion-chamber, which some manufacturers re- 
gard as necessary; but the principal advantage of this 
arrangement is that it allows a very simple and direct 
connection for operating the valves, which are mounted 
on vertical stems extending downward. Attached to 
the lower ends of the valve-stems are extensions with 
rollers which rest upon cams by means of which the 
valves are opened at the right time. 

The valves are held in closed positions, when not 
raised by the cams, by means of heavy coil springs at- 
tached to the valve-stems. The extensions are con- 
nected to the valve rods by means of couphngs with 
right and left hand threads, or some other similar 
device, in order that any slack may easQy be taken up. 

A water-jacket covers not only the working part of 
the cylinder, but the valve cages on either side. Above 
the valves are plugs that may be removed when it is 
desirable to examine the valves. 

Ignition is produced by means of a spark-plug, di- 
rectly over the inlet valve, which is connected with 
an electric current and timing device, not shown in this 
figure. The crank case, to which the cylinder is at- 
tached, is a hollow casting, which is often made of 
aluminum alloy for the sake of hghtness. 

On either side are projections which carry the 
shafts which operate the valves. In some engines 



I 
I 



cam- ^H 
es the ^H 



GASOLINE-ENGINES 



203 



I 
I 



» 



L 



oil, which naturally gravitates to the bottom of the 
crank case, is splashed about by the crank and con- 
necting-rod at each revolution, and thus serves to 
lubricate the bearings. 

In the figure, the inlet valve is shown wide open, 
and the piston is moving downward. This is, then, 
the suction stroke. When the inertia of the fly-wheel 
has carried the piston to the bottom of its stroke, the 
inlet valve will close. The fly-wheel will then cause 
the piston to ascend, compressing the charge; the spark 
will then occur, and the piston will be driven downward 
on its working stroke. The exhuast-valve will then 
open and the piston will ascend ready for the next 
suction, or charging, stroke. 

Inasmuch as the valves open only once in two rev- 
olutions of the engine the simple device of a spur-gear 
on the crank-shaft operating two other spur-gears of 
twice the number of teeth — one on the cam-shaft 
operating the inlet valve and the other on the one 
operating the exhaust-valve— gives the valve motions 
required. The spur-gears, which are usually enclosed 
in a separate gear case outside the crank case, are in- 
dicated in the figure by dotted lines only. The dotted 
circles correspond to the pitch circles of the gears, and 
the two large ones are just twice the diameter of the 
one on the crank-shaft. 

The L-TypE of Cylinder. In what is known as 
the L-type of cyUnder, the outlet and exhaust valves 
are placed side by side, and only one cam-shaft is used. 
In this case the inlet and exhaust cams must, of course, 
be set at different angles. 

This arrangement is more often used than that shown 
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in rig. 125, but it does not lend itself so readily to ex- 
planation by means of a diagram. Fig. 126 shows the 
top view of a cylinder, of the L-type, and the ajos of 
the cam-shaft. 

Valve-in-Head Cyunders. Some manufacturers 
claim great economy in the use of "valve-in-head" 
cylinders. They point out that 
the spacss over the inlet and 
exhaust valves, characteristic of 
the T and L types of cylinders, 
- have to be filled with gas at ev- 
ery suction stroke which does 
y 12fi ^"^ materially aid in the pro- 

duction of power. They claim 
that real economy is secured by eliminating this waste 
space in the manner shown in Fig. 127, where the in- 
let and exhaust valves are contained in cages inserted 
in the cylinder-head. 

The chief objection to this arrangement is that it 
does not lend itself readily to simple valve-gearing. 
It is necessary either to run the 
cam-shaft over the top of the 
cylinder — as is done in the case 
of the multiple-cylinder Liberty 
Motor — or to use rocker-arms to 
reverse the motion of push^rods, 
as shown in Fig. 127. The great- 
er the number of rods and levers 
the greater are the chances of wear 
and noise due to lost motion; but 
Fig. 127 it is significant that some of the, 
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best automobile and airplane engine builders prefer 
this arrangement to any other. 

Valve-in-head motor uses a single cam-shaft, like 
that used in the ]>type, for operating both inlet and 
exhaust valves. 

In actual practice, the arrangement of a roller 
mounted directly on the extension of the lift rods, as 
shown in Fig. 125, is now seldom used. 

Cam-shaft rocker-arms, like that shown in Fig. 128, 
are much smoother in action. The roller is here 
mounted at the end of a short 
horizontal rocker-arm which ' 
moves on an axis parallel 
to the cam-shaft. The arm 
which operates the lift rod 
may be in line with that which 
carries the roller, or attached 
at the opposite side of the 
bearing, as shown at the top, (J 
Fig. 128. 

In starting a gasoline-engine 
it is often found desirable to in- 
troduce a few drops of Uquid 
gasoline directly over the piston, where it serves to 
enrich the charge. In Fig. 125 a pet-cock with a fun- 
nel attachment is shown in the cylinder cover for this 
purpose. 

The gasoline-engine is so similar in general con- 
struction to the gas-engine that no further general 
description is deemed necessary, until we come to the 
study of multiple-cylinder types. 




Fig. 128 
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The Cahbuhbtor. One of the important acces- 
sories of the gasoline-engine, the carbiiretor, calls for a 
special detailed description. Fig. 129 shows, diagram- 
matically, one of the simplest forms of this device. 




gasoline: supply \ air 

Fig. 129 



The carburetor converts hquid gasoline and common I 
air into the explosive-gas that operates the engine. A \ 
spray of gasohne is injected into a funnel through which I 
a current of warm air is passing and the two become I 
mixed and form the charge. This seems simple, but it is 
only when the gasoline and air are mixed in just the right 
proportions that an easily exploded mixture is obtained. 
The current of air is caused by the suction of the engine 
as the piston moves forward on the chai^g stroke. 
When the engine is being started the suction is hght; 
when the engine is running rapidly the suction is very 
strong. There are certain limits within which the pro- 1 
portiions of gasoline and air may vary and still produce 
an explosive mixture, but beyond these limits no ex- 
plosion will occur. Gasoline vapor mixes with hot air 1 
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much more readily than with cold air. So it is gener- 
ally much more difficult to get a gasoline-engine started 
than to keep it running after it gets warmed up. The 
same proportion of gasoline to air that is necessary 
to use in starting an engine would be very wasteful 
for one running rapidly. 

When black smoke is seen issuing from the exhaust 
of a gasoline-engine, it indicates an excess of gasoline 
in the charge. When this occurs there is not only a 
waste of fuel, but less power is actually developed than 
there would be with a mixtiu-e containing a smaller 
proportion of gasoline. 

Now, let us see how the carburetor is arranged to 
overcome these difficulties. 

At the left, Fig. 129, is shown a small cylinder with 
a pipe and nozzle leading from one side. This vessel 
is supplied with liquid gasoline through a small opening 
at the bottom fitted with a needle-valve. The vessel 
contains a float with a hole through the middle. This 
float has projecting lugs which engage short rocker- 
arms, pivoted to solid supports, engaging a spool fixed 
to the needle-valve stem. It will readily be seen that 
an upward movement of the float will cause the needle- 
valve to move downward. This device is used to keep 
the supply of gasoline in the vessel nearly level at all 
times, so as to give an even spray at the nozzle. If 
too much gasoline enters the vessel, the float will rise 
and close the needle- valve and keep it closed until the 
level ia lowered slightly and the needle-valve again 
opens. 

The nozzle discharges into a funnel of thin metal. 
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The bottom of this funnel is connected with an air- 
supply pipe in which is a damper for regulating the 
air supply. The top of the funnel is connected with 
the engine inlet pipe. 

Surrounding the funnel is a metallic cylinder con- 
nected with an extra air-supply pipe provided with an 
inlet valve. Outside of all is a space enclosed by a 
third cylinder which is closed at top and bottom, but 
connected with a warm-air supply pipe — not shown. 
The inner funnel has holes in the sides through which 
air may be drawn from the extra air-supply. The extra 
air-valve is generally held against its seat by means of 
a light spring. 

The suction of the engine, during the charging stroke, 
causes a strong draft of air through the fmmel; 
this tends to convert the jet of gasoline from the 
nozzle into a fine spray which mixes with the air and 
produces the explosive mixture. With the height of 
gasoline in the vessel at the left maintained nearly 
constant, the jet of gasoline does not vary as much as 
the current of air through the funnel into which it 
is discharged. By changing the position of the damper 
the amount of air drawn in may be easily controlled, 
and the proportions of gasoline and air that give the 
strongest explosive mixture may be found by trial. 

Starting a Gasoline-Engine. Difficulty is often 
encountered when a cold engine is to be started. The 
funnel of the carburetor is then generally cold and the 
gasoline spray does not readily mix with the au-. This 
difRculty is usually overcome by priming. That is to 
say, by injecting an extra quantity of gasoline into the 
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chaise either through the carburetor or into the cylinr 
der itself. 

By using a considerable quantity of gasoline and 
checking the air-supply, enough vapor will usually be 
introduced to make an explosive mixture even though 
the air be cold. Of course, the engine must be turned 
over by hand, or by some other means, until the air 
in the cylinder is expelled and a charge is drawn 
through the carburetor and compressed, ready for the 
working stroke. If the first charge drawn through the 
carburetor does not explode, it may be necessary to 
turn the engine over several times in order that the 
non-explosive mixture may be expelled and another 
charge drawn in. Each time a new trial ia made, the 
proportions of gasoline and air should be changed by 
manipulating the primer or the air-valve. Sometimes 
too much gasoline Is used, and the engine becomes 
"flooded." When this occurs it becomes necessary 
to expel the excess of gasoline before an explosive mix- 
ture can be secured. After an engine has made two 
or three successive explosions, it usually begins to draw 
strongly, and the heat of the exhaust begins to circulate 
through the jacket of the carbiaretor; the air in the 
funnel is warmed up; the gasoline spray is more readily 
absorbed, and the chances are that the engine will 
immediately "pick up" speed and continue in motion. 
When the engine is once well under way, it generally 
becomes necessary to change the proportions of the 
mixture, either by decreasuig the gasoline-supply or 
K by increasing the air-supply. The primer is first closed, 
^^ and the damper in the air pipe is usually opened wider. 
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This gives a "leaner" mixtxire. That is to say, one 
with a smaller proportion of gasoline. Generally 
speaking, the faster an engine runs the leaner the 
mixture may be. When the engine is running at high 
speed, it pumps an enormous quantity of air through 
the carburetor, and if the same proportions were 
maintained that are employed in starting the engine, 
the gasoline tank would soon be emptied. 

When the draft of air becomes very strong, the sue- i 
tion raises the extra air-valve and more air is drawn 
into the funnel through the holes shown near the top. 
This dilutes the mixture and produces a condition 
better adapted to high speed. 

It must be understood that the earbiu'etor just de- 
scribed, and illustrated by the diagram, is only one of 
many forms. The diagram is intended only to show the 
most essential parts and the method of changing the 
proportions of the mixtm'e to suit the different circum- 
stances of starting, moderate speed, high speed, etc. 
Its proportions are not necessarily exactly what they 
should be to produce the best results. 

A good carburetor must have adjustments for mix- 
ing gasoline vapor and air in the right proportions to 
produce an explosive mixture under varying conditions. 

The condition of the atmosphere often affects the 
working of a carburetor. A moist atmosphere is gen- 

Ierally more favorable than a very dry atmosphere. 
For this reason a gasolme-engine wUl often run better 
on a damp day than on a dry one, or better in the even- i, 

ing than at midday. ^H 

Carburetors should have adjustments for accurately ^H 

w A 
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gauging the flow of gasoline as well as that of the air. 
Certain adjustments can best be made when the engine 
is not running, but it is generally necessary to start 
the engine afterward to test the adjustment. When 
certain fundamental adjustments have been made and 
the relative flows of gasoline and air have been fixed 
within proper limits, it should still be possible to make 
other adjustments, such as the control of the air-supply 
while the engine is running. 

The carburetor is an extremely delicate piece of 
mechanism; and, as it is the very heart of the gasoline- 
engine, it should be looked after with the greatest 
care. 

The usual form of the carburetor is more compact 
than that shown in Fig, 129 and the various parts are 
not always so easily distinguishable; but they will all 
be found, on examination, to comprise the same essen- 
tial elements that have been described, namely, an 
arrangement for furnishing a regular flow of gasoline 
through a very small nozzle which discharges into a 
current of air— preferably warm — that is being drawn 
in by the suction of the engine. 

The other parts of the carburetor are usually mere 
appliances for changing the proportions of the explosive 
mixture, as circumstances may require. 

Manifolds. It is generally desirable to have the 
carburetor very near the cylinder-head, but in multi- 
ple-cylinder engines it is not possible to have a single 
carburetor equally near all the cylinders. In such 
cases the mixture passes through a "manifold" in 
going from the carburetor to the cylinders. The mani- 
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fold has a single inlet connected with the carburetor 
and a separate branch to each cyhnder. A similar 
arrangement is necessary for the exhaust, and, as it is 
an advantage to keep the mixture as warm as possiblej 
the inlet and exhaust manifolds are often placed close 
together so as to take advantage of the heat of the 
exhaust. 

It is, of course, important that there shall be no leaks 
between the carburetor and the cylinder. Otherwise 
cold air will be drawn in from the outside, and the mix- 
ture will be both cooled and diluted before it reaches 
the cylinder. In the case of automobiles, there is 
often danger of the manifold becoming loosened, and 
leaky joints occurring where the manifold joins the 
cylinders. 

Sometimes the gasoline tank — especially on automo- 
biles — is more conveniently placed below the level of 
the carburetor. It is then necessary to use a vacuum 
tank, or some other device, for supplying the car- 
buretor at constant pressure. 

Firing. Not only is it necessary to have the cyl- 
inder charged with a mixture of the right proportions, 
but the charge must be fired with certainty and at the 
right time. 

We have seen that gas-engines are often fired by 
means of ignition-tubes, but the modern gasoline- 
engine is nearly always equipped with an electrical 
device, by means of which a hot spark is produced at 
the right instant within the body of the charge. The 
burning of the mixture is so rapid that we call it an 
explosion and think of it as instantaneous. It does, 
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however, take a short interval of time for a charge 
to become ignited and its full heat energy developed. 

A gasoline-engine may be making ten revolutions 
per second, in which case the whole working stroke is 
performed in one-twentieth of a second, but even this 
short space of time suffices for the burning charge to 
do its work — ^provided the spark has occurred at the 
right instant. 

With an engine moving at high speed, the spark 
must occur before the piston begins to move forward 
on the working stroke, otherwise there will not be time 
for the charge to become thoroughly ignited before the 
end of the stroke, and energy will be wasted. 

Gasoline-Engine Diagrams. Fig. 130 shows three 



TOO EARLY 

NORMAL 
"^ TOO LATE 




Fig. 130 



gasoline-engine indicator diagrams overlapping so as 
to show the effects of varying the time of ignition with 
regard to the position of the piston. 

The shaded portion shows the effect of ignition oc- 
currii^ at the right time; the dotted line shows the 
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efifect of too late a spark; and the broken line, where the 
spark occurred too early. 

Beginning at the right and tracing the lower line of 
the shaded diagram toward the left, we see that it 
rises under the compression stroke, gradually at first 
and more rapidly toward the end, until it has reached 
a pressure of more than one hundred pounds to the 
square inch. Then the spark occurs, and the charge 
tak^ fire. The pressure almost instantly rises to 
nearly three hundred pounds to the square inch. As 
the piston moves toward the right on its working stroke, 
the pressure of the expanding gas drops as indicated 
by the top line of the diagram, rapidly at first and 
more gradually toward the end, according to the law 
of expansion of gases, untQ it reached a point not much 
above the zero line at the end of the stroke. 

It has already been explained that the area of an 
engine diagram indicates the amount of energy put 
forth during the stroke. The diagram under considera- 
tion shows an economical use of fuel, for while the 
pressure drops rapidly it continues to the end of the 
stroke, where it reaches something like atmospheric 



The dotted line shows the effect of t imin g the spark 
so that it occurs at the instant that the piston begins 
to move forward on its working stroke. Though the 
pressure never rises so high as in the case just con- 
sidered, it continues to rise during the first eighth of 
the stroke, and then drops more suddenly than in the 
normal case. The reason for this is, that there is not 
time after the spark occurs for the charge to become 
thoroughly ignited and to put forth its full energy be- 
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fore the end of the stroke. Another drawback to the 
use of a late spark is that a large amount of the heat, 
developed by the ignition of the charge, is carried over 
toward the end of the wor king stroke, where It tends 
to overheat the cylinder and the water-jacket, instead 
of doing useful work. 

Though the spark should always occxir before the 
end of the compression stroke, in order that the charge 
may be fully ignited before the working stroke begins, 
there is such a thing as having it occur too early, as 
shown by the broken line in Fig. 130. 

The pressure here rises too high before the compres- 
sion stroke is completed; and, at the beginning of the 
working stroke, it has already expended so much of its 
energy that it drops almost instantly to a point be- 
low normal pressure, when the piston begins to move 
forward on its working stroke. 

Not only is the total amount of useful enei^ ex- 
pended in this case less than normal, but hurtful stresses 
are produced on the engine. There may even be dan- 
ger of rupturing a cylinder in case of too early a spark. 
It is especially important not to have the spark too far 
advanced as the engine slows down, for too heavy pres- 
sure at the end of the compression stroke may entirely 
neutralize the effect of the working stroke. 

Electric Sparking Devices 

We now have to consider how electric sparks may be 
produced and properly timed. 

The subject of electricity cannot be discussed very 
fully m this place, but some knowledge of electrical 
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phenomena is necessary in order to understand the 
working of sparking devices. , 

Every object is supposed to be possessed of a certtun 
amount of electricity in a quiescent state, but it is only 
when a flow, or current, from one body to another oc- 
curs that we can make any use of it, or become- aware 
of its presence. Two kinds of electricity are recog- 
nized and these are designated by the plus and minus 
(+, —) signs. Whether minus electricity is really 
a different kind or only a lack of a normal quantity of 
plus electricity we do not know positively; but we do 
know that positive electricity is always seeking nega- 
tive electricity, and, if a body charged with the former 
is brought into contact— either directly or by means of 
a good conductor — -with the latter a current la set up 
which tends to neutrahze the two. 

There are various ways of generating electricity, 
but the simplest practical method is by means of a 
galvanic cell. Fig. 131 shows a section of a common 
"dry cell." It is made up of a thin cylinder of zinc — 
usually covered inside and out with paper — and 
stick of carbon inserted in the zinc cylinder and sep- 
arated from it by a kind of paste covered with a layer 
of pitch. MetaUic screws, called terminals, are at- 
tached to the zinc and to the carbon with thumb-nuts 
for securing wires. 

So long as these terminals are not connected, no 
electricity will be generated; but let them be con- 
nected by means of a copper wire or some other good 
conductor and chemical action immediately starts up 
between the zinc and the paste, and a current is pro- 
duced which passes first to the carbon, thence to the 
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positive terminal, attached to it, and finally through 
the wire connection back to the negative terminal and 
the zinc plate. A single cell will generate about one 
volt of electricity, whatever its size, but a large cell will 
generate a greater quantity than a small one. 




Fig. 131 



So long as the wire connection is maintained the cur- 
rent will flow from the positive to the negative terminal, 
but no spark will be produced. Let one end of the 
wire be separated from its terminal, however, and a 
small spark will be produced at the moment of separa- 
tion. The spark is produced in the effort of the cur- 
rent to continue to flow, but it is always very weak in 
such a case and ceases entirely when the wire has been 
separated from the terminal by an appreciable dis- 
tance. Such a spark would not be sufficient to fire 
an ordinary gasoline-engine charge; but it may be 
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increased, both in intensity and quantity, by meaas 
which will now be described. 

Fig. 132 shows the top views of six dry cells con- 




FiG. 132 



nected "in series," That is to say, the negative ter- 
minal of one is connected with the positive terminal of 
the next, and so on to the end of the series. 

If the ends of two wires attached to the positive 
terminal of the first cell and the negative terminal of the 
last cell are brought together, a current of six times 
the intensity of a single cell will be produced — as will 
be evident when the wires are again .separated. 

When it is desired to increase both the intensity and 
the quantity of the current, cells are connected in the 
manner shown in Fig. 133. Here there are two sets 
of cells, connected in the same way as shown in Fig. 
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132. The positive and negative terminaJs of the two 
sets are then joined together and connected with ter- 
minal wires, as shown in the figure. Such a combina- 
tion will have the same voltage as the series shown in 
Fig. 131 but will generate double the quantity of elec- 
tricity in a given time. This method of connection is 
called "in series parallel." 

Good and Poor Conductors. Some substances, 
like metals and water, are good conductors of elec- 
tricity while others, like wood, rubber, porcelain, and 
dry air are poor conductors. Copper wire is one of the 
best conductors and rubber one of the poorest. Cop- 
per wire covered with rubber insulation is, therefore, 
generally used for electric circuits. If the wire were 
not covered with some poor conductor, some of the cur- 
rent would "leak" into the moisture of the air, and 
the main current might be entirely diverted by any 
good conductor, like another wire, coming in contact 
with the first. 

The Make-and-Break System. We have seen 
that a spark is produced whenever wires connected 
with the positive and negative poles of a battery are 
first brought together and then suddenly separated, 
This principle has been taken advantage of in what is 
known as the "make-and-break" system of ignition. 
Two metaUic parts or jioles, one of which must be eapar 
ble of motion, are placed in the combustion-chamber of 
the engine. The movable part is connected with the 
mechanism of the engine in such a way that it is brought 
first in contact with the fixed part, so as to complete 
an electric circuit, and then suddenly separated from 
it at the right instant for producing a spark. In such 
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an arrangement it is necessary to use great care to 
insure perfect insulation, and the mechanism for pro- 
ducing the break is generally more or less cumbersome. 
So this method, once quite generally used, has now gone 
almost entirely out of use in favor of what is known as 
the "jump-spark system." 

The Jump-Spark System. In the make-and-break 
system the terminals must first be brought into con- 
tact to start the current. In the jump-spark system 
the terminals are not brought into contact at all, but 
the current must jump across a small gap separating 
the two poles. This requires a current of much higher 
tension than that used in the make-and-break system. 
Methods of reinforcing an ordinary current, so that a 
spark may be produced, will presently be described, 
but let us now examine the construction of a "spark- 
plug"— the device commonly employed to ignite the 
charge in a gasoline-engine. 

The Spark-Plug. Fig. 134 shows a section of a 
common spark-plug. Two short wires, insulated from 
each other by means of a porcelain centre- 
piece, are brought very close together at 
their outer ends. One of these wires is 
connected with the body of the metallic 
plug which screws into the cylinder or 
I combustion-chamber. The other passes 
through the porcelain and is connected 
with a binding-screw at the top. 

When one pole of an electric circuit is 
connected with the binding-screw and the 
other pole with the metal of the engine a 
P^G. 134 complete circuit is formed — except for the 
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tiny gap between the wires. If the current has suffi- 
cient tension it will jump this gap and produce a strong 
spark. Spark-plugs must be kept alwaj-s clean and 
free from carbon and oil, otherwise the current will find 
a good circuit without the necessity of jumping the 
gap and no spark will be produced. The porcelain is 
shaped so as to bring as much non-conducting surface 
as possible between the metal of the plug and the cen- 
tral terminal. 

The Induction Coil. In order to reinforce the 
current sufficiently to make it jump the gap, an induc- 
tion coil is used. 

An induction coil is a device by means of which mag- 
netism is made to lend its aid to electricity in producing 
some desired result. Magnetism and electricity are 
closely related, but of somewhat different nature. 
Everybody is familiar with the common horseshoe- 
magnet which attracts soft iron, iron filings, etc., and 
holds them with considerable force. 

These magnets are of hardened steel and they retain 
their properties for an indefinite time. Soft iron, on 
the contrary, only holds its magnetism temporarily, 
while in contact with another magnet or while an 
electric current is passing around it. Not only will 
an electric circuit produce a temporary magnet out of 
a piece of soft iron in the form of a core, within a coil 
of wire through which the current is passing, but the 
magnetism of the core can be made to produce a cur- 
rent in another coil of wire wound about the same core. 
It is only while gaining or losing its magnetism, how- 
ever, that a soft^iron core has the power of causing or 
"inducing" a secondary current. 



222 



THE STORY OF THE ENGINE 



Fig, 135 showa a soft-iron core surrounded by two 
coils of wire. One of these coils is of heavy wire con- 
nected with a battery and a switch for making or break- 
ing the circuit. The other coil is of finer wire, and its 
two ends are connected with the poles of a common 




Fig. 135 

spark-plug. If the battery circuit is closed, as shown 
in the figure, the current passing around the coil of 
heavy wire will turn the core into a temporary magnet. 
Now, if the circuit is broken, by means of the switch, 
the magnetism will die away in the core; and, while 
this is taking place, a current will be induced in the 
other coil. If the battery is sufficiently strong, a good 
spark will be produced at the spark-plug. If the switch 
is again closed the core will induce another current in 
the secondary coil while it is gaining magnetism— just 
as it did before while losing its magnetism. Whenever 
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the main circuit is opened or closed a spark will be pro- 
duced between the poles of the secondary cireuit^but 
only for an instant, while the core is either acquiring 
or losing its magnetism. Instead of having the two 
coils at opposite ends of the core, it is a more usual ar- 
rangement to have the primary coil wound rather 
closely around the core, but insulated from it, and the 
secondary coU — which is always of fine insulated wire 
-^is then wound, in many coils, on the outside of the 
primary coil. This arrangement is more compact, 
and it operates in the same way as that shown in Fig. 
135. Of course it is necessary not only to have the 
wires so insulated that the various coils never actually 
touch each other, but the primary and secondary coils 
must also be insulated from each other. 

The induced current, in the secondary circuit of an 
induction coil, is always of higher tension than that of 
the main circuit — -though it is small in quantity and 
brief in duration. It is, therefore, better adapted to 
the purpose of producing a spark than the primary 
circuit. 

Even in the old make-and-break system, an induc- 
tion coil was generally used to give a more intense 
In the jump-spark system it is an absolutely 
necessary part of the sparking device. 

The Vibrator. The fact that a current can be 
produced in the secondary coil only when the magnet- 
ism is gaining or dying away in the core, has led to an 
invention by means of which a nearly constant current 
— of high intensity but low in quantity — can be kept 
up in the secondary coil. 
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Fig. 136 shows such a device. A core is wrapped 
about with a primary coil, one end of which is con- 
nected with the positive pole of a battery and the 
other end of which is attached, by means of a binding- 
screw, to a steel spring at the end of which is a small 

PLATINUM POINTS 
PRIMARY COIL 

CORE 

VIBRATOR 

insulated base 
Fig. 136 




head directly opposite one end of the core. Opposite 
the head on the steel spring is a binding-post, fitted 
with a binding-screw, and an adjusting-screw. The 
binding-screw is connected with a pole of the bat- 
tery by means of a wire. The adjusting-screw is for 
the purpose of limiting the motion of the vibrating 
spring. Platimom points are provided on the end 
of the adjusting-screw and on the back of the vibrator. 
When these points are adjusted so as to touch, as shown 
in Fig. 136, the battery circuit ia completed and a 
current will flow through the coil. This magnetizes 
the soft-iron core and it attracts the head on the vi- 
brator; this breaks the circuit and stops the current. 
The core then loses its magnetism, and the spring 
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pulls the head away from the core and the platinum 
points again come in contact. This closes the circuit 
again, and the core again attracts the vibrator, only 
to release it as the circuit is again broken, and so on. 
When the adjusting-screw is set properly, the vibrator 
will keep up a rapid motion, and the iron core will be 
magnetized and demagnetized many times each second. 

Let us suppose, now, that a secondary coil of fine 
insulated wire be wound around the outside of the 
primary coil. Every time the core is magnetized or 
demagnetized, a current will be set up in the secondary 
coil. In the case illustrated by Fig. 135, with a con- 
stantly moving vibrator substituted for the simple 
electric switch, there shown, the secondary current will 
be practically continuous, though, as a matter of fact, 
it will move in opposite directions according as the core 
gains or loses magnetism. 

The fact that a practically continuous high-tension 
alternating current can thus be kept up in a secondary 
coil is of great value as a means of ignition. Instead 
of it being necessary to start a secondary current and 
then break it, every time a spark is required, a timing 
device attached to the secondary circuit of a vibrating 
induction coil can be made to give contact only when a 
spark is required. 

Fig. 137 shows, diagrammatically, the essential parts 
of a complete sparking device for a one-cylinder gaso- 
line-engine. 

First there is a battery and primary coil fitted with a 
core and vibrator, A secondary coil connects with the 
Bpark-plug and the metal of the engine. A timing de- 
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vice attached to the secondary circuit is geared up with 
the mechanism in such a way that contact is made at 
the instant when the spark is required. 

For a multiple-cylinder engine it is only necessary to 
vary the device by having contact points for each 




Fig. 137 

cylinder. In a revolving timer this can easily be ar- 
ranged by havii^ as many contact points on the in- 
sulating ring as there are cylinders to be fired. 

By rotating the timer slightly about its axis, the 
spark can easily be advanced or retarded to suit the 
speed of the engine. 



The Two-CtcijE Engine 

The four-cycle system, which we have thus far been 
considering, is the one in most common use, because of 
its dependabihty. Providing, as the system does, for 
full charges of the explosive mixture and high compres- 
sion, each working stroke is pretty sure to deliver its 
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full share of energy. A considerable number of valves 
and other working parts are, however, necessary, which 
must be accurately machined and fitted. A simpler 
form of gasoline-engine, working on the two-cycle 
principle, though somewhat less efficient than the 




four-cycle engine, is often used where only a small 
amount of power is needed. Fig. 138 shows the con- 
struction of a simple form of the two-cycle engine. 

The cylinder is mounted on a hollow gas-tight crank 
case having an inlet valve and a by-pass connecting 
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with the cylinder, as shown. When the piston is in 
its lowest position, the cylinder end of the by-pass is 
open, as is also an exhaust^port directly opposite. The 
piston itself acts as a valve in opening and closing 
these passages. The inlet valve is held closed by means 
of a spring except during such time as it is opened by 
the suction of the engine. 

The method of operation is as follows: As the piston 
moves upward on the suction stroke it first covers the 
by-pass and exhaust passages and tends to produce a 
partial vacuum in the crank gase. This causes the 
inlet valve to open and a mixture of gasoline vapor and 
air is drawn in. A previous charge is at the same time 
being compressed in the upper part of the cylinder. 
The charge is next fired, in the usual way; and the pis- 
ton, in moving downward, compresses the charge that 
was drawn into the crank case during the upward 
stroke. When the piston has reached a point near the 
bottom of its stroke it uncovers both the exhaust pas- 
sage and the by-pass opening. The burned gases pass 
out the exhaust and the partially compressed charge 
in the crank case rushes through the by-pass and filli< 
the space left vacant by the exhaust. Very soon the 
momentum of the fly-wheel will have carried the pis- 
ton back past the openings, the flow of mixture into 
the cylinder will have ceased, and compression will 
begin. 

Whenever compression takes place in the cylinder, 
the upward movement of the piston causes suction 
which draws a fresh charge into the base. When the 
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piston has reached the upward limit of its stroke and 
ignition has taken place, the piston is again driven 
down on its working stroke and compression again 
takes place in the crank case. While every downward 
stroke of the piston is a working stroke in a two-cycle 
engine, it is obvious that there must be more or less 
mixing of the inflowing charge with the outflowing ex- 
haust. The by-pass and exhaust passages are opened 
and closed at the same time by the moving p^ton, 
and it is of course impossible to prevent the inflowing 
and outflowing gases from mixing to some extent. 
This is the weak point of the two-cycle engine. Not 
only is some of the burned gas pretty sure to become 
mixed with the incoming charge, and the latter to be- 
come diluted, but some of the incoming charge is al- 
most sure to escape through the exhaust passage. A 
deflector is usually placed on the piston opposite the 
by-pass opening, as shown in the figure, for the pur- 
pose of deflecting the incoming charge toward the top 
of the cylinder where the accumulating charge is sup- 
posed to drive the burned gases before it through the 
exhaust opening. In the best two-cycle engines the 
crank case is so proportioned, as compared with the 
cyUnder, that the amount of compression caused by 
the downward stroke of the piston is just about suffi- 
cient to fill the cylinder when the by-pass is opened, 
without forcing much if any of the charge through the 
exhaust passage before it closes. 

Inasmuch as no valve mechanism is required for 
this type of engine, the cost of manufacture is lower 
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than that of the four-cycle type. The two-cycle engine 
gives fair satisfaction where economy of fuel is not a 
controlling consideration, | 

Multiple-Cylinder Engines, The great disadvan- , 
tage attending the use of the four-cycle engine, the 




Fig. 139 



fact that there is but one working stroke in four, is 
overcome, in a degree, by multiplying the cylinders and 

arranging the cranks so that one cylinder will be com- 
pressing its charge while another is performing its 
working stroke. 

Fig. 139 is a sectional view of a two-cylinder engine 
of the four-cycle type. The valves and accessories are 
omitted, for the sake of clearness. It will be noticed 
that there are two cranks between a single pair of bear- 
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ings. In this way the cylinders may be placed close 
together. The cranks are placed "opposite," so that 
one piston is at the beginning of the stroke while the 
other is at the end of its stroke. It can easily be seen 
that the second cylinder will be compressing its charge 
while the first is being fired, and that the first cylinder 
will be exhausting while the second is being fired. 
Again, the first will be drawing its charge while the 
second is exhausting, and will be compressing its charge 
while the second is drawing its charge. A heavy fly- 
wheel is still necessary, to even up the effort on the 
crank-shaft, but not such a heavy one as is needed for 
an engine of one cylinder. 

By using four cylinders and having two double 
cranks opposite each other— an arrangement that is 
very common in automobiles — one cylinder of the f our 
is always performing a working stroke while the other 
three are respectively exhausting, drawing, and com- 
pressing. A four-cylinder four-cycle gasoline-engine 
has the same action on a crank-shaft as a double-acting 
single-eyhnder steam-engine. That is to say, there is 
a working stroke for every half revolution, and the 
action of the fly-wheel is only necessary to carry the 
engine past the dead centres and to even up the effort 
on the crank-shaft. However, the fact that the cranks 
have to be distributed over a considerable distance, 
lengthwise of the crank-shaft, makes necessary a fly- 
wheel and relatively heavy crank-shaft. 
^ Fig. 140 shows an end view of a multiple-cylinder 

^k engine with cranks one hundred and twenty degrees, 
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or one-third of a revolution, apart. 
might be either a three or a six cylinder 
engine, so far as the end view is con- 
cerned; but the three-cyhnder engine, 
once rather common, has given way al- 
most entirely to the six-cyhnder engine. 
A three-cylinder engine lacks the ad- 
vantage that is gained by the use of 
four cylinders inasmuch as there cannot 
be a working stroke at all times. By 
the use of six cylinders, however, not 
only can it be arranged to have a work- 
ing stroke taking place at all times, but 
the working strokes can be made to overlap, to some 
extent, and dead centres are thus eliminated. 

Fig. 141, shows, diagrammatically, the usual arrange- 
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Fig. 141 

ment of a six-cylinder engine. Two cranks are usually 
placed between a set of bearings, but, instead of being 
opposite, the cranks are one hundred and twenty de- 
grees apart, as shown in Fig. 140. They might, of 
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course, be sixty degrees apart, but this would involve 
more machine work and no real advantage would be 
gained over the arrangement shown in Fig. 141, where 
two pistons are always in the same relative positions 
with regard to the stroke, but with different events of 
the cycle occurring within them. In Fig. 141 pistons 
1 and 6, 2 and 5, 3 and 4 are in corresponding positions ; 
but one cylinder in each set of three may be exhausting 
while its mate is firing, or compressing while its mate 
is drawing a charge through the carburetor. The 
firing is not necessarily in the order of the arrange- 
ment of cylinders, from left to right, and the timer 
can be arranged to give a spark in any cylinder where 
a compressed charge is ready to be fired. Six working 
strokes are made to occur during two revolutions, or 
three during every complete revolution. In this way 
a continuous effort is being made to revolve the crank- 
shaft, notwithstanding the fact that suction, compres- 
sion, and exhaust are occurring in other cylinders at 
the same time. 

Fig. 142 illustrates what is 
called the V-type of cylinder 
arrangement. This arrange- 

■ \ W \ f/Z S ment is much used in airplane 

■ \\^^^7jCI engines and in high-grade au- 
I /\M/^^\ tomobiles. 

I / ©'i\ 1 Generally there are more 

■ I ^sg/ I than ^^Q cylinders^ but the 
H \ / others are placed in line with 

^L those shown in the figures, so 

^H Fig, 142 they are all in two rows at an 
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angle of about forty-five degrees with each 
Two sets of pistons and connecting-rods operate : 
single crank; and dead centres are eliminated as a 
result of placing the cylinders at an angle with each 
other. While the piston at the left, ia Fig. 142, 
just beginning its stroke, the one at the right is half- 
way through its working stroke. By using four or 
six cylinders at each angle, the two which operate 
any one crank may be fired at the same time. One 
will then always be working to good advantage while 
the other is working at a disadvantage. With two 
sets of working strokes, at different angles, occurring 
at all times, very smooth running is assured even with 
a very light fly-wheel. 

The method of coupUng two different connecting- 1 
rods with a single crank is illustrated in Fig. 143. 




Fig. 143 

On the right is shown a connecting-rod of usual shape 
but with a bushing twice as long as would ordinarily I 
be required. The central figure shows a forked con- 
necting-rod with a bushing of the same length as that I 
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Bhown at the right. At the left is shown a side view 
which is practically the same for either form. 

Though two bushings are shown, only one is used for 
the two connecting-rods — one working within the fork 
of the other. Of course this arrangement involves two 
sets of bearing surfaces, one on the inside and one on 
the outside of the bushing. The forked rod must, of 
course, provide room for the single rod to work within 
it, without any possibility of the two coming in contact 
at any point of the stroke. 

Circulating Water-Jackets. The cooling of a 
gasoline-engine is very important, and, as has already 
been explained, it is generally effected by means of a 
water-jacket. If the jacket water is not kept in circu- 
lation, however, it would soon become overheated and 
fail to serve its purpose. 

Water-jackets are, therefore, provided with inlets 
and outlets and a system of piping for carrying the 
water away from the cylinder into a radiator, where it 




Fig. 144 



is cooled and then returned. The water is generally 
kept in motion by means of a small centrifugal pump 
like that shown in Fig. 144. 
A small drum-shaped vessel has a pipe connecting 
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with the middle of one of the heads and another branch- 
ing off from its outer rim. Within the drum, a 
paddle-wheel, shown at the right, is made to revolve 
rapidly in the direction of the arrow. The water 
the drum is thus made to revolve rapidly, and the 
centrifugal force, which tends always to make a body 
depart from the centre about which it revolves, causes 
a flow through the pipe connected with the rim. This 
tends to produce a vacuum in the drum, and water 
immediately flows in through the pipe connected with 
the head. 

The paddle-wheel, or fan, is usually mounted on the 
end of a pump shaft driven from the crank-shaft. A 
small pump of this description will throw water quite 
fast when it is revolved rapidly. The pump is usually 
placed in the pipe connection between the bottom of 
the radiator and the water-jacket. One good pump is 
usually sufficient to keep the entire cooling system in 
operation. Drawing water from the bottom of the 
radiator tends to produce a vacuum which causes 
jacket water to flow in at the top. A power-driven fan 
is often used to draw air through the spaces between 
the cells of the radiator to facilitate the rapid cooling of 
the water. 

AiH-CoOLiNQ, Small cylinders are often cooled by 
air alone, without the aid of a water-jacket. By cast- 
ing a number of flanges on the outer surface of the 
cylinder, as indicated by the sectional view, Fig. 145, 
a large amount of surface is brought into contact with 
the air and cooling is effected. Airplane and motor- 
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cycle engines, with small cylinders, are often dependent 
on rapid motion for a sufficient air-supply, but it is 
usual to provide a fan for producing a current of cool 
air against the flanged cylinder. 

Inasmuch as lai^e cylinders have a smaller relative 
surface as compared with their capacity than small 
cylinders, water cooling is almost always necessary 
where the cylinders exceed three inches in diameter. 

Sometimes the cooling flanges are made of separate 
circular metallic plates, closely attached to the cylinder 




Fig. 145 



and placed near together, as shown in Fig, 146; a 
larger cooling surface may thus be seciu^ than by 
the use of cast flanges, but there is greater danger of 
the flanges becoming bent out of shape and their effi- 
ciency being thus impaired. 

Another objection to the use of plates is the difficulty 
of applying them to irregular surfaces, like the exten- 
sions of the water-jacket that protect the exhaust pas- 
3 and combustion-chambers. 
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The Liberty Moron 

Internal-combustion engines, as we have seen, need 
to be made very strong to withstand the sudden ex- 
plosions and quick applications of force to the moving 
parts. Heavy fly-wheels and water-jackets, too, add 
to the weight and make such engines heavier, as a rule, 
than steam-engines of like capacity. 

When gasoline-engines were first employed to drive 
airplanes, a difficult problem presented itself, namely, 
to so design them that they would deliver power 
enough to raise their own weight and that of the neces- 
sary airplane parts. Every effort was made to increase 
the power for a given weight of engine and parts, but 
it was some time before an engine was produced that 
could be depended upon to deliver sufficient power to 
carry the necessary weights — including the driver and 
its own fuel — for anything beyond very short ffights. 

Not many years ago, Bleriot's flight of twenty-two 
miles across the English Channel was rightly considered 
a wonderful performance — not only for the driver of 
the plane, but for the engine that suppUed the motive 
power. If any one had predicted, ten years before 
that event, that the heavy and cumbersome gasoline- 
engine of that day would be so improved and Ughtened 
that it would be able to carry its own weight through 
the air— to say nothing of the weight of plane, driver, 
and the necessary fuel — he would certainly have been 
regarded as a dreamer who had Uttle knowledge 
practical matters. 
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Not only was Bleriot's feat and his engine perform- 
ance soon afterward put in the shade by even more 
wonderful flights, but the great World War stimulated 
improvements that made it possible for heavier than 
air eraft to carry, in addition to their own weight and 
the weight of their motors and fuel-supplies, hundreds 
of pounds of explosive bombs, machine-guns, and men 
to operate them, in perilous air trips of several hours' 
duration. 

The improvement of war planes had been carried so 
far by the belligerents of Europe at the time that 
America entered the war, that many felt that our coun- 
try had been left hopelessly in the rear in all matters 
that had to do with navigation of the air. At that 
time, too, it was reaUzed that victory might depend 
on supremacy in the air, and that the need of a great 
increase in Allied planes of superior quality and speed 
was imperative. If America were to help solve the 
problem she must not only be able to build as good 
planes as were being turned out in Europe, but must, 
if possible, excel all previous performances in the con- 
struction of Ught and powerful motors. 

Some of our most capable auto-motive engineers 
became interested in the problem, and, after a thorough 
study of the best models of foreign motors, these gen- 
tle men went to work with a determination to excel 
all previous efforts. In a very few months motors 
were brought out that compared favorably with those 
that were being produced in Europe. In May, 1917, a 
conference was held in Washington which reached the 
conclusion that still further effort must be made to in- 
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engines produced up to that time. It was concluded 
that the necessity for a lighter and more powerful motor 
was so great that smaller factors of safety must be em- 
ployed than were common in ordinary practice, and 
that long life was of less importance, in a war-plane 
engine, than ability to perform unusual feats in a crisis. 

A motor had been brought out, by one of oiu" leading 
automobile manufacturers, that possessed the featm'es 
most desired, except that it was less powerful than was 
thought desirable. A factor of safety had been em- 
ployed, to meet government tests, which made the 1 
parts somewhat heavier than the experts at the con- 
ference thought necessary. Government requirements 
as to tests of strength and endurance were somewhat , 
relaxed, and the designers of the favorite engine again 
went to work, with the aid of other able engineers, to 1 
produce a more powerful and lighter motor per horse- ] 
power than had ever before been built. 

The outcome was the Liberty Motor, in which the ' 
remarkable result was obtained of an engine of eight 
hundred and fifty pounds' weight developing four hun- 
dred and thirty horse-power at eighteen hundred revo- 
lutions per minute. 

This remarkable performance was attained by a I 
single engine, on which the greatest care had been 
expended in manufacture; but, within a very short | 
time, plans were announced by means of which thou- 
sands of engines of like capacity were to be turned out, 
in quantity production, by various manufacturers in 
different parts of the country. These plans were car- 
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ried out, and, at the time the armistice was signed, 
these wonderful motors were being turned out, at a 
remarkable rate per day, by a considerable number of 
different manufacturers. The world was surprised by 
the rapid production of one of the most successful 
airplane motors that had yet been manufactured. 

Perhaps no better example could be taken of the 
successful application of mechanical principles to use- 
ful results than is found in the Liberty Motor, It is 
therefore deemed worthy of a somewhat lengthy and 
detailed description in this connection. If it should 
seem that the dimensions of some of the parts have 
been reduced to too low a limit, it should be remembered 
that the motor has met the test, not only of government 
requirements, but of actual practice, under war con- 
ditions. Let it not be concluded, however, that such 
dimensions as we find in some of the parts of the Liberty 
Motor can safely be employed in ordinary practice, 
for only by the use of very superior material and work- 
manship can such dimensions be depended upon to give 
the necessary strength and endm-ance to the parts. 

The Model A Liberty Motor is of the V-type and has 
twelve cylinders. The bore of the cyhnders is 5 inches 
and the stroke of the pistons 7 inches; the piston dis- 
placement of the twelve cylinders is, therefore, about 
1.650 cubic inches. 

At 1,800 R. P. M, 430 horse-power is said to be de- 
veloped. The weight of this remarkable motor is 
given as 850 pounds — less than 2 pounds per horse- 
power. 

Fig. 147 is a general view of the motor, ready for 
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installation in an airplane. The cam-sha/ts which 
operate the rocker-arms, and through them the valves, 
are placed in housings at the tops of the cylinders, and 
are driven by gears from the crank-shaft. 




Fig. 148 shows a pair of rocker-arms mounted in 
bearings at the top of the aluminum crank-shaft hous- 
ing — with the bearing cap removed. It will be noted 
that the construction is hght and that the arms which 
carry the rollers drop into cavities over the cams which 
are not shown in the figure. The springs on the valve- 
stems press upward at all times on the valve lever- 
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arms. This has the effect, when the bearing cap is in 
place, of pressing the rollers against the cams and pre- 
venting any lost motion. 




Fig. 149 shows a portion of the hollow steel cam- 
shaft. The cams which operate the inlet and the ex- 
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haust valves are near together on the cam-shaft and 
each operates a separate rocker-arm, as shown in Fig. 
148. 

Fig. 150 shows, at the left, the hollow steel foi^g 
from which the cylinders are made; at the centre, a 
finished cylinder without its water-jacket; and, at the 
right, a view of a cylinder equipped with a water-jacket 
and ready for mounting on the aluminum crank-case. 
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It will be noted that the cylinder is turned down un- 
til it is very thin except at the upper end, where it has 
to stand the shock of the explosion. In order to hghten 
the cylinder by the elimination of every superfluous 
ounce of metal, the outside of the lower portion is 
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Fig. 150 



turned down to a corrugated form with ribs to reinforce 
the thin walls. The valve housings, shown at the top, 
are also shaped out of steel and fastened to the top of 
the cylinder by the electric welding process. The small 
boss, between the bases of the valve housings, marks 
the spot where the spark-plug is inserted. This boss 
must, of course, be attached to the water-jacket case 
so as to admit of no leakage between them. There are 
two spark-plugs, one on either side of the valve hous- 
ings—in order to insure positive ignition in case one of 
the plugs should become foul. The complete cylinder 
is shown turned a quarter of a revolution to the right. 
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so the observer is looking directly into the exhaust 
opening. 

The water-jacket casing is made of two parts of 
pressed steel welded together by the electric process 
after the casing is in place. It covers the valve hous- 
ings and is, of course, as thin and light as it can well 
be made. The finished cylinder, equipped with valve 
housings and water-jacket, is considerably lighter than 
the steel forging from which the cylinder alone is turned. 

Fig. 151 shows one of the pistons, which is of the 
trunk variety, with three sets of spring rings and several 




oil-grooves — lower down. The metal is cut away, as 
shown, where the ends of the connecting-rod pin meet 
the outer surface. This is for the double purpose of 
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lightening the piston and preventing any possible con- 
tact of the pin with the cylinder walls. 

The connecting-rods are of the kind illustrated in 
Fig. 143 — one straight and one forked working together 
on a single crank-pin. 

Fig. 152 shows a side view, which is practically the 
same for either the straight or the forked rod. The 
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extreme lightness of the rod should be particularly 
noticed. It is constructed of the finest nickel-steel, 
machined on all sides. Every otmce of material that is 
not necessary for strength is cut away, and that which 
remains is so distributed as to give strength where it is 
most needed. The "H" cross-section is, of course, 
used, for it gives not only great resistance to compres- 
sion but is the best form to resist bending due to rapid 
oscillation. The bolts for the cap are made extremely 
light, as they have only to hold the crank-pin and the 
lower end of the rod in proper contact. The pressure 
exerted on the crank-pin, is, of course, always down- 
ward — both during compression and on the working 
stroke. For the same reason the metal which sur- 
rounds the piston-pin, at the top of the rod, is also 
made very thin. 
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Assuming that the pressure of the exploded mixture 
at the time of ignition reaches three hundred pounds 
to the square inch, the pressure exerted on the con- 
necting-rod, through the 5-inch piston, must amount 
to something like three tons at every explosion. With 
due regard for hghtness, therefore, care must also be 
taken to leave enough metal in the middle sections of 
the rod to withstand this tremendous pressure, which is 
repeated — at the rate of eighteen hundred revolutions 
per minute— fifteen times per second on every connects 
ing-rod in the engine. 

The crank-shaft is, of course, hollow, and every other 
part is lightened to the greatest degree possible with- 
out detracting from the great strength needed to trans- 
mit the force of one hundred and eighty three-ton ex- 
plosions, every second. 
Aluminum is used wherever possible and pressed 
electrically welded, is employed for exhaust 
and water- j acket manifolds 
and other like purposes. 
Fig. 153 shows a section 
of a manifold which con- 
FiG. 153 nects the centrifugal wa- 

ter-supply pump with the 
water-jackets. Like other parts of this character it is 
made of two parts of pressed steel welded along a 
longitudinal seam. 

With so many parts, electrically welded, that must 
not only be strong but gas and water tight, it is evident 
that only careful workmen and intelUgent and watch- 
ful inspectors can be put in charge of such work. 
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The plate at the beginning of this book is from a 
photograph of a IJberty Motor, furnished by the United 
States War Department Air Service. 

In order to show the advance that has been made in 
airplane motors since the Wright Brothers made their 
first successful flight in 1903, it may be of interest 
to state that their 12 horse-power engine weighed 152 
pounds— or 12.7 pounds per horse-power. In 1910 they 
used a 54 horse-power motor weighing 308 pounds — 
or 5.7 pounds per horse-power. The Liberty Motor, 
of 430 horse-power, weighs 850 pounds — or less than 2 
pounds per horse-power. 

While the weight of airplane engines has been increas- 
ing from year to year, the power developed has been 
increasing at a much higher rate — both with regard to 
weight and absolutely. In 1903 the average fuel con- 
sumption was .80 pounds per horse-power per hour; 
in 1914 it was .65 pounds, and, in the case of the Liberty- 
Motor, of 1918, it was reduced to .46 pounds. 
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CHAPTER X 

OIL-ENGINES 

The modem gasoline-engine, as we have seen, is one 
of the highest products of mechanical science, and the 
latest types produce a large amount of power for their 
weight, but they use a liigh-priced fuel. . 

Many attempts have been made to produce internal- 
combustion engines capable of utilizing the more abun- 
dant low-grade fuels. The most successful of these 
are the various types of oil-engines. The ordinary oil- 
engine operates on the same principle as the gasoline- 
engine, but has a different carburetor. Mineral and 
vegetable oils are made up largely of two highly com- 
bustible elements, carbon and hydi-ogen; but these 
heavy oils cannot be vaporized and mixed with air so 
as to form an explosive mixture by means of the sim- 
ple carburetor used on gasoline-engines. Carburetors 
for kerosene, and other oil-engines, must be provided 
with some means of heating the elements that go to 
make up the mixture, in order that the oil may be 
thoroughly atomized and mixed with air before enter- 
ing the cylinder. There is a difficulty in starting such 
engines unless heat can be brought from some source 
outside the engine itself; they are therefore not so re- 
liable as the gasoline-engine for use under adverse con- 
ditions. 
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The Diesel Engine 

Internal-combustion engines are generally found to 
be more efficient according aa they use a more highly- 
compressed chaise; but compression causes heat, and 
a highly compressed charge is liable to explode from its 
own heat before the end of the compression stroke. 
This pre-ignition sometimes fractures cyUnders, and 
always causes a great waste of power. In order to 
prevent injurious pre-ignition, charges are rarely com- 
pressed much above one hundred pounds to the square 
inch, in ordinary internal-combustion engines. 

During the last decade of the nineteenth century. 
Doctor Rudolf Diesel, of Leipsic, brought out an in- 
ternal-combustion engine which involved in its opera- 
tion a principle that had never before been applied in 
practical mechanics. Doctor Diesel understood the 
value of high compression, and conceived the idea of 
mixing the fuel and air at the very moment when power 
is needed for the working stroke. He came to the con- 
clusion that cheap low-grade oils could be utilized as 
fuel if introduced into a highly heated charge of com- 
pressed air at the proper time. He enlisted the aid 
of manufacturers, and after some experimentation 
brought out the most economical heat-engine that had 
ever been produced. The great value of this invention 
lies in the fact that fuel oils of low grade, and conse- 
quent low price, are made available as power pro- 
ducers. 

Not only may natural oils be used as fuels 
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engines, but tar-oil, a plentiful by-product of coke and 
gas manufacture, has been used with good results. 
Vegetable oUs may also be xised. 

By thus making available great stores of liquid fuel, 
and using the heat thus generated to drive pistons 
directly, the potential energy of our natural resources 
has been greatly increased, and we are placed in a posi- 
tion where we do not need to worry so much about the 
rapid disappearance of coal. To quote Doctor Diesel's 
own words: "Further reason for this importance [of the 
Diesel motor in the world's history] lies in the fact that 
the Diesel engine has destroyed the monopoly of coal 
and has in the most general way solved the problem of 
the employment of liquid fuel for motive purposes. . . , 
The Diesel motor has thus become in relation to liquid 
fuel what the steam and gas engine are to coal, but in 
a simpler and more economical manner; it has by this 
means doubled the resources of man in the sphere of 
power development and found employment for a prod- 
uct of Nature which previously lay idle." 

In speaking of the results of his experiments in the 
use of by-products of the manufacture of coke^tar 
or creosote oil, he adds: "It follows, therefore, that this 
engine has an important influence on the further in- 
dustries — gas and coke manufacture — from which the 
by-products have now become so important that a great 
movement is beginning in connection with this ques- 
tion. . . . One fact arises distinctly from this move- 
ment, namely, that the coal which appeared to be 
threatened by the competition of liquid fuels will, on 
the contrary, enter into a new and better era of ul 




ization through the Diesel motor. . . . Since tar-oil 
can be employed three to five times more efficiently 
in the Diesel motor than coal in the steam-engine, it 
follows that coal can be much more economically util- 
ized when it is not burned barbarously under boilers 
or grates, but converted into coke and tar by distilla- 
tion. . . . The coke is then employed in metallurgical 
work and for heating purposes; the valuable products 
from the tar must be extracted and used in the chemical 
industries, while the tar-oU, and its combustible deriva- 
tives, and under certain circumstances the tar itself, 
can be put to exceptionally favorable use in Diesel 
motors." 

Diesel motors differ in operation from gas and gaso- 
line motors mainly in their higher compression and in 
the fact that the fuel is introduced into a highly com- 
pressed, and therefore highly heated, charge of pure air 
at the very moment when it is needed for the working 
stroke. Instead of causing a violent explosion, the 
fuel oil bums rapidly, but steadily, in the cylinder dur- 
ing the early part of the stroke, and thus a nearly con- 
stant pressure is caused until the cut-off occurs — usually 
after about one-tenth of the full stroke has been made. 
After the cut-off occurs the gas works expansively, 
like steam in a Corliss engine, until the end of the stroke. 
The action is, therefore, more like that of steam in a , 
steam-engine than like the action of an explosive mix- 
ture in a gas or gasoline engine. 

As we have seen, the indicator diagram of a gas- 
engine shows a high point of pressure at the beginning 
of the working stroke which falls very suddenly the 
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moment the piston begins to move. In the case of 
the Diesel engine, the diagram shows that the pressure 
remains practically constant until the cut-off occurs. 
This is because the fuel is burning continuously and 
the heat of combustion is added to the heat caused by 
the compression of the charge. After the cut-off oc- 
curs there is, of course, a rapid fall of pressure and heat 
due to work performed by expansion. 




Fig. 154 

Fig. 154 shows a typical Diesel engine diagram. 
The pure atmospheric air that is drawn in during the 
suction stroke is compressed on the return of the pis- 
ton — at first gradually and finally to something like 
five hundred pounds to the square inch- — as indicated 
by the line, fc. Fuel oil is then sprayed into the 
highly heated compressed air and the pressure is main- 
tained at the high level for about one-tenth of a stroke, 
as indicated by the line c d. The fuel valve then closes 
and the pressure falls, as indicated by the line, d e. 
At the point e, the exhaust-valve is opened and the 
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pressure falls almost instantly to the atmospheric 
line a b. 

Diesel engines are built on both the two and the four 
cycle principle. The same care needs to be taken to 
get rid of burned gases, as in the gasoline-engine; the 
suction stroke should take in only pure air, and the 
fuel oU should begin to be sprayed in at the moment 
when the spark is usually applied. It should be borne 
in mind that the heat, necessary for ignition of the 
charge, is produced entirely by compressing a charge 
of pure air from atmospheric pressure to something 
like five hundred pounds to the square inch. In order 
to secure the high compression required, not only must 
the piston and valves be very accurately fitted, but the 
combustion-chamber must be very small, so that the 
air charge shall be compressed into very little space, 
when the piston is at the top of its stroke. 

Fig. 155 shows a sectional elevation of a vertical 
single-cylinder Diesel engine of European manufacture. 
One of the first peculiarities to be noticed is the unusual 
lengths of the cylinder and piston, the latter having 
no less than six packing-rings to insure against leakage. 
In this case the cylinder liner is a separate casting — 
shown in black — which fits into the water-jacket cyl- 

' inder at top and bottom, and is supported at the mid- 

I die by means of a ring and webs east integral with the 
water-jacket cylinder. The cylinder-head, which con- 
tains all the valves, is very heavy and has its own water- 

j jacket connected by means of a by-pass — not shown — 

[ with the cylinder water-jacket. 

I One reason given for the use of such a long piston is 
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that it equalizes the side wear due to the obhque 
action of the connecting-rod, but this is, of course, no 




Fig. 155 



greater than in the case of an ordinary gasoline-en- 
gine. It will be noticed that there are three bear- 
ings for the crank-shaft. The small outer bearing is 



256 



THE STORY OP THE ENGINE 



for the purpose of preventing any sagging on account 
of the weight of the fly-wheel. The extreme smallness 
of the combustion-chamber can readily be observed 
with the piston at the top of its travel, as shown. 

Not only is it necessary, with this type of engine, 
to have very high compression in the cyUnder, but an 
auxiliary air compressor is necessai-y to provide com- 
pressed air for starting the engine and for injecting 
the fuel oil into the compressed-air charge. Such a 
compressor is shown at the left, Fig. 155. It is worked 
by means of a short crank attached to the end of the 
main aliaft. This compressor is fitted with a water- 
jacket which is connected with the water-jacket of the 
main cyhnder by means of a pipe. The compressor is 
connected with a tank— not shown— where the com- 
pressed air is stored for the purposes that have been in- 
dicated. Inserted in the cylinder-head, and shown in 
sections, are two large valves, of the "mushroom type," 
opening downward and held against their seats by 
means of coil springs. One of these is for the admission 
of pure air, and the other is the exhaust valve. 

Between these valves is shown the fuel valve, which 
will be described more in detail presently. 

On account of limited space the spring for this valve 
is carried in a special housing, seen at the top of the 
figure. The cylinder-head is held in place by means of 
heavy steel bolts, one of which is shown in Fig. 158. 
These bolts are screwed into the heavy part of the water- 
jacket cylinder. When we consider that the cylinder 
and cylinder-head are subjected to a pressure 
hundred pounds to the square inch, at every stroke, 
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will be realized tliat all these parts must be very strong 
and well fitted. 

All the valves are operated by means of bent levers 
and a cam-shaft attached to the back of the cylinder. 
The cam-shaft is usually driven from the main shaft 







Fig. 156 



by means of screw-gearing. Fig. 156 shows a view of 
an air-valve and its housing. It shows also the ar- 
rangement of the cam and lever by means of which it is 
operated. At the left is shown an elbow and a short 
_ length of pipe closed at the lower end. This pipe is 
■ pierced all around with saw cuts through which the air 
H is drawn during the suction stroke of the engine, and 
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by means of which the air ia strained of dust. At the 
right is sliown a by-pass for connecting the water- 
jacket of the cylinder-head with that of the cylinder. 
The cam which operates the air-valve is of such shape 
that the valve is held open during the entire suction 
Btroke, 

Valve levers are often made with a detachable end, 
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as shown in Fig. 157, so that the valves may be removed 
without it being necessary to remove all the valve- 
gearing. 

Besides the three valv^ already mentioned, a fourth 
valve called a " starting- valve " is necessary in all 
Diesel engines. Such a valve is shown at F, Fig. 158. 
Inasmuch as an independent supply of compressed air 
is always necessary for injecting the fuel oil into the 
cylinder, all Diesel engines are supphed with com- 
pressed-air starting devices which are thrown out of 
gear by the same arrangement that throws the fuel 
valve into operation. 

Before describing the action of the engine, attention 
is called to Fig. 159. This is an enlarged sectional 
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view of the valve which supplies fuel oil to the cylinder 
at the beginning of the working stroke. The valve 
proj>er, shown at A, is in the form of a common needle- 
valve, which closes into a conical recess at the bottom 




of the housing. Attached to the bottom of the hous- 
ing is a mouthpiece, with a very small opening and a 
wide flare, which connects directly with the cylinder. 
This causes the oil spray to assume the shape of a wide 
cone as it enters the cylinder. The valve spindle fits 
into a tube, D, with a conical end which does not quite 
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touch the interior cone of the valve housing, and leaves 
a considerable space all around, higher up. It is 
through this space that the compressed air employed 
to inject the fuel oil is admitted. 




Fig. 159 



The oil inlet is shown at B. It is very small, and the 
flow through it is controlled by a governor, A cylin- 
drical passage in the valve housing is connected with 
the oil inlet and opens into the compressed-air passage 
by means of passages shown at E E. Between these 
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openings and the needle-valve are several rings with 
holes drilled through them, as shown at F. These 
holes are not directly opposite each other, and between 
the rings there are disks attached to the tube, as shown 
atG. 

Now, when the needle-valve is raised from its seat, 
the compressed air carries the fuel oil before it through 
the small holes and around the edges of the disks into 
the cylinder. In passing through and around these ob- 
structions the oil is broken up and thoroughly mixed 
with the air, much as in the case of the carburetor of 
an ordinary gasoline-engine. The cock shown at H 
is for the purpose of testing and gauging the fuel-oil 
supply. 

It must be remembered that the fuel-oil spray is 
thrown into a small body of highly compressed air in 
the cylinder, and that this can only be done by means of 
a still more highly compressed charge from the com- 
pressed-air tank. The compressed air in the tank is 
often under a pressure of a thousand pounds per square 
inch. The method of packing the shaft of the needle- 
valve will be understood from the cut. 

Returning, now, to Fig. 158, let us examine the 
method of operation. Here only the starting-valve and 
the fuel valve with their gearing are shown. 

It will be noticed that the lever 7 is pivoted on an 
eccentric sleeve and that the roller is not in contact 
with its cam. The fuel-valve lever H, which is also 
mounted on an eccentric sleeve, is shown in runiung 
position. The small cam gives a quick short opening of 
the fuel valve at exactly the right time for injecting the 



262 



THE STORY OF THE ENGINE 



oil spray. In the position of the piston shown, the 
spray has been cut off by the action of the cam and 
the charge is acting expansively. 

Whenever it is desired to start the engine, the lever 
M is thrown down to a horizontal position by hand. 
This changes the positions of the eccentric sleeves, 
on which the levers are mounted, and tlirows the roller 
on the end of the lever / into position to be operated by 
the starting cam. At the same time it throws the 
roller on the lever H away from its cam. When the 
starting-valve, F, is opened compressed air from the 
supply tank rushes into the cylinder and moves the 
piston. This air is so highly compressed that it oper- ' 
ates the engine and causes compression on the return 
stroke, as in ordinary operation. 

After a few turns have been made in this way, the 
lever M is thrown back into the vertical position; 
the lever / is thrown away from its cam; the lever H 
is returned to working position and the engine b^ins 
to run under its own power. 

It must be evident to any one who has followed this 
description that the Diesel engine is a very fine piece 
of mechanism, and that it will not work at all unless 
conditions are exactly right. Extreme care is necessary 
in its manufacture, as has already been said, otherwise 
it would be impossible to maintain the high compression 
required in the cylinder and the still higher compression 
needed for starting and fuel injection. 

It may seem that the power required to produce 
tlie high compression of the air charge — live hundred 
pounds or more to the square inch, or nearly twenty 
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tons on a lO-ineh piston — is wasted, but it must be re- 
membered that this is converted into heat energy which 
becomes available during the working stroke. 

As a matter of fact, the high efficiency of the Diesel 
engine is due largely to the fact that high compression 
can be employed without danger of pre-ignition. There 
is no danger of a premature explosion because there is 
no explosive mixture in the cylinder until the fuel oil 
is admitted; even then, no explosion occurs but rapid 
combustion, and, consequently, even pressure results 
until the cut-off occurs. 

Just as in the case of the gasoline-engine it is neces- 
sary to ignite the charge before the beginning of the 
working stroke, so, in the Diesel engine, it is necessary 
to inject the fuel into the cylinder a moment before the 
end of the compression stroke. 

Diesel engines do not need to be speeded up so much 
as gasohne-engines, to show efficiency, for combustion 
is not so sudden; consequently they do not require so 
much lead of ignition. 

Fig. 160 shows the small cam which operates the 
fuel-valve. If the valve were to open at the instant 
that the piston reached the highest point of its stroke, 
the cam should begin to operate when it reaches the 
horizontal line, A C. Inasmuch as a sOght lead is neces- 
sary the cam is set a fittle in advance, so that it begins 
to raise the fuel-valve at the point a. When the cam 
has revolved through the small arc, between the lines 
a and b, the valve is closed and the cut-off occurs. 
This usually corresponds to about one-tenth of a full 
stroke. Here, again, is shown the necessity of careful 
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design and workmanship. The cam must be designed 
and set to begin and end the valve opening at the right 
instant without any waste of fuel due to too wide or 
too prolonged an opening. 

Fig. 161 shows the exhaust-cam which is arranged 
to begin the opening just before the piston reaches the j 




end of its working stroke, and holds the valve open until 
the piston has past the dead centre at the end of the 
exhaust stroke. 

The air-valve cam, like that of the exhaustrvalve, ' 
begins the opemng an instant before the end of the 
exhaust stroke and holds the valve open until after 
the dead centre of the suction stroke is past. 

The starting-valve opens just before the beginning 
of the working stroke, but closes some little time be- 
fore the end of the stroke. The starting-valve has a 
wider opemng and a longer open period than the fuel- 
valve, but does not remain open as long as the exhaust- 
valve or the air-valve. 
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The Two-Cyclb Diesel Engine. Diesel engines 
are built on the two-cycle as well as on the four-cycle 
principle. 

The two-cycle Diesel engine, like the two-cycle 
gasoline-engine, is not quite so efficient as the four 
cycle, because of the fact that it is more difficult to get 
a perfectly pure charge entirely unmixed with any 
burned gases; but it has the advantage of two work- 
ing strokes to one of the four-cycle engine, and the 
construction is less compUcated. Inasmuch as a sup- 
ply of compressed air is necessary for working a Diesel 
engine, a part of this can be easily diverted for scaveng- 
ing the engine at the end of the exhaust stroke, and, 
thus, a good preparation can be made for the suction 
stroke. 

More often, however, a separate air-cyUnder is used 
for pumping air and discharging it through the main 
cylinder, without compression. Fig. 162 shows a 
section of a simple form of the two-cycle Diesel engine. 

On the left of the cylinder is shown the exhaust-port 
which is uncovered by the piston as it nears the end 
of its stroke. On the right, is shown an air passage, 
for scavenging purposes, which is uncovered by the 
piston a little later than is the exhaust passage. The 
piston is of such shape that the enteruig air is diverted 
toward the top of the cyhnder and then follows up the 
exhaust in such a way that the burned gases are very 
effectually cleared out of the cylinder before the re- 
turn stroke begins. Sometimes the latter part of the 
air-blast is used for the air charge and at other times a 
separate screened charge is let in at the top, as in the 
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case of the four-cycle engine. In either case there is no 
waste of fuel, as in the case of the two-cycle gasoUne- 
engine, on account of a part of the charge blowing 




Fig. 162 



through the exhaust before the exhaust-port is closed 
by the returning piston, for the fuel is introduced only 
at the end of the compression stroke, in the same man- 
ner as has been described for the four-cycle Di 
engine. 

Not only does the exhaust-port open sooner than 
scavenger port, but it closes later, and thus full oppor-' 
tunity is given for the burned gases to escape before 
compression begins. 

In Fig. 162 all valves and other accessories are left 
out for the sake of clearness in explaining 
under consideration. 
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MtJiaiPLa-CTLisDEE Diesel Engines 

InaBnudi as thfxe are many pieces connected with 
the valves and valve mechanisms of Diesel engines 
vfaidi can beet be m^iufacttired in uniform sizes, it is 
a common practice, among manufacturers, to increase 
the capacitj' by multiplying cylinders rather than by 
T Pjilring many different sizes of single-cyhnder engines. 
In marine work, especially, it is common to use four, 
six, and ei^t cjlinders on a single shaft. These are 
often two-cycle ci'linders; and it is common to have 
one or more extra cylinders pumping air, for scaveng- 
ing purposes, attached to the same crank-shaft. Of 
course the use of multiple cylinders involves much care 
in manufacturing and fine adjustment of the many 
parts, so as to have everything work harmoniously. 

The Diesel engine uses fuel economically, when prop- 
erly built and adjusted; but a little careless work- 
manship or lack of proper maintenance will often off- 
set all the advantages of its use over that of internal- 
combustion engines of less complicated nature. 

The first cost of a Diesel engine is more tlian that 
of other forms of internal-combustion engines, and it 
only has the preference where economy of fuel and 
operation are very important considerations. 

Diesel engines are always heavy because of the great 
strain entailed by high compression and the usual great 
length of cylinder and piston. 

Oiling arrangements are usually automatic and quite 
comphcated, with pipes leading to all important jour- 
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n^. Because of the very high air pressure reqxiired 
to inject fuel oil into already highly compressed-air 
charges, the tanks for tliis supply are usually small in 
diameter and made up of several units. 



The Semi-Diesel Engine 

We have seen that the characteristics of the Diesel 
engine are; high compression, the introduction of the 
fuel at the instant of ignition, and the use of fuels 
not otherwise available. We have also seen that an 
engine working on the Diesel principle is a very com- 
plicated and costly piece of mechanism — economical 
in operation, but costly to build. The success of the 
Diesel engine has led to the adoption of some of its 
principles in less costly though fairly efficient internal- 
combustion engines for marine and stationary work. 
Fig, 163 shows a sectional view of a two-cycle semi- 
Diesel internal-combustion engine having practically 
no valve mechanism and of very simple construction. 
It is very much like the two-cycle gasoline-engine pre- 
viously described, but it differs from it in the following 
particulars: The fuel is introduced at the end of the 
compression stroke, it bums oil, and the charge is 
^nited in a different way. 

This form of engine is sometimes called the "hot- 
pot " engine, and it is much used on fishing-boats of the 
North Sea. 

In the cylinder-head there is a cavity. A, which forms 
a part of a combustion-chamber which, by the way, is 
much larger than that of the Diesel engine proper. 
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This cavity is connected with the cyUnder by means 
of passages, as shown. Ignition is effected by first 
heating the walls of the cavity red-hot by means of a 
blow-lamp — through the opening in the top covering, 
shown at the left. After the engine is under way, the 




Fig. 163 



repeated ignition of the charge keeps up sufficient heat 
in the metal to insure ignition whenever fuel oil ia 
injected into the cavity. B shows an oil injector which 
must, of course, be connected with an oil-supply by 
suitable piping. The piston, />, is shown at the bot- 
tom of its travel. 
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The cylinder, C, is of sufficient length to allow a good-" 
sized combustion-chamber when the piston is at the 
upper limit of its travel. E is the exhaust passage, 
and F, F is a by-pass connecting the cylinder with the 
enclosed crank case. / and J are air inlet valves. 
When the piston rises it draws pure air, through the 
valves / and J, which is compressed in the crank case 
as the piston descends. 

When the piston has nearly reached the lower limit 
of its travel, it uncovers the upper end of the by-pass, 
F, and the compressed air in the base rushes through 
into the cylinder. 

As the piston rises on the next stroke it compresses 
this air in the cylinder and combustion-chamber, and, 
at the right moment, near the end of the up stroke, 
fuel oil is injected into the "hot-pot," A. Combustion 
then takes place; the expanding gas drives the piston 
down, and the cycle is completed. 

The piston uncovers the exhaust-port, E, a moment 
before it uncovers the inlet, so the burned gases are 
on their way out before the fresh air enters. 

A deflector sends the fresh-air charge to the top and 
helps to clear the cylinder of all burned gases. On 
the up stroke, too, the exhaust-port remains open until 
after the inlet is closed, so there is no danger of tmy 
burned gases being driven back into the crank case. 

Compression at the tune of the injection of the fuel 
amounts to only about one hundred and fifty pounds to 
the square inch, so the heat produced by compression 
alone is not suflBcient to ignite the charge — as in the 
case of the Diesel engine proper. Repeated ^nition 
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in the "hot-pot," as already stated, keeps up a suffi- 
ciently high temperature in the metal to start combus- 
tion of the fuel oil whenever it is injected for the power 
stroke. 

Either a supply of compressed air or a direct-acting 
pump is necessary for the purpose of injecting the fuel 
oil into the hot-pot, but it is not necessary to main- 
tain the very high tension reqiiired in the case of the 
Diesel engine proper. 

Other details are not essentially different from those 
of the two-cycle Diesel engine. 
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